The Secrets of 
ALCHEMY 


Alchemy, the “Noble Art,’ conjures up scenes 
of mysterious, dimly lit laboratories populat- 
ed with bearded old men stirring cauldrons. 
Though the history of alchemy is intricately 
linked to the history of chemistry, alchemy has 
nonetheless often been dismissed as the realm 
of myth and magic, or fraud and pseudosci- 
ence. And while its themes and ideas persist in 
some expected and unexpected places, from 
the Philosophers’ (or Sorcerer’s) Stone of Har- 
ry Potter to the self-help mantra of transforma- 
tion, there has not been a serious, accessible, 
and up-to-date look at the complete history 
and influence of alchemy until now. 

In The Secrets of Alchemy, Lawrence M. Prin- 
cipe, one of the world’s leading authorities on 
the subject, brings alchemy out of the shad- 
ows and restores it to its important place in 
human history and culture. By surveying what 
alchemy was and how it began, developed, 
and overlapped with a range of ideas and pur- 
suits, Principe illuminates the practice. He 
vividly depicts the place of alchemy during 
its heyday in early modern Europe, and then 
explores how alchemy has fit into wider views 
of the cosmos and humanity, touching on its 
enduring place in literature, fine art, theater, 
and religion as well as its recent acceptance as 
a serious subject of study for historians of sci- 
ence. In addition, he introduces the reader to 
some of the most fascinating alchemists, such 
as Zosimos and Basil Valentine, whose lives 
dot alchemy’s long reign from the third cen- 
tury to the present day. Through his explora- 
tion of alchemists and their times, Principe 
pieces together closely guarded clues from 
obscure and fragmented texts to reveal alche- 
my’s secrets and—most exciting for budding 
alchemists—uses them to recreate many of 
the most famous recipes in his lab, including 
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$K INTRODUCTION % 


WHAT IS ALCHEMY? 


Ithough alchemy's glory days came to an end roughly three centuries 

ago, the Noble Art endures in many ways. The very word alchemy 
conjures up vivid images of the hidden, the mysterious, and the arcane, 
of dark laboratories and wizard-like figures bent over glowing fires and 
bubbling cauldrons. Today, most people have heard something about the 
Philosophers' Stone, the substance capable of turning lead into gold that 
was so eagerly sought by legions of alchemists. Indeed, an entire genera- 
tion became acquainted with the stone and one of its supposed posses- 
sors, the medieval Parisian notary Nicolas Flamel, by means ofthe first of 
J. K. Rowling's wildly successful books: Harry Potter and tbe Pbilosopber's 
Stone. (Regrettably, American publishers corrupted the substance's an- 
cient name into the meaningless “Sorcerer's Stone.” Alchemy has not 
always gotten the respect it deserves.) The sixteenth-century Swiss al- 
chemist Theophrastus von Hohenheim, better known as Paracelsus, 
recently found new life as "Hohenheim of Light” in the Japanese 
manga and anime series Fullmetal Alchemist, which makes copious if 
highly sensationalized use of alchemical concepts. Trading on the link 
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between alchemy and transformation, many modern books have alchemy 
in their title, thereby renewing alchemy's modern presence virtually ev- 
ery year. Such titles range from Paul Coelho’s 1988 best-selling novel The 
Alchemist to more trite borrowings of the term as The Alchemy of Love 
and The Alchemy of Finance, to the more imaginative American Alchemy: 
The History of Solid Waste Management in the United States. The alchemi- 
cal theme of transformation is also responsible for the frequent appear- 
ance of the term in various self-help programs. 

Besides these manifestations of variously transformed versions of al- 
chemy, a perhaps surprising number of people throughout the world 
are continuing to search for practical metallic transmutation, despite 
rather discouraging prognostications from modern chemistry, often 
more or less in the same ways it was pursued centuries ago. Some such 
modern seekers—I know from personal experience—even hold positions 
in university departments. Alchemy thus continues to exist in a variety 
of guises and disguises. 

But much of the modern world’s familiarity with alchemy is more 
apparent than real. While the mystique of the subject naturally attracts 
interest, its inherent difficulty and complexity easily deflect attempts to 
understand it. Arriving at solid, satisfactory conclusions about alchemy 
can seem as difficult as finding the Philosophers’ Stone itself. Alchemy’s 
primary sources present a forbidding tangle of intentional secrecy, bi- 
zarre language, obscure ideas, and strange imagery. The alchemists did 
not make it easy for others to understand what they were doing. Sec- 
ondary sources about alchemy, whether books or websites, are fre- 
quently even more problematic, for they soon plunge the reader into a 
maze of conflicting claims and contradictory assertions. The historically 
informed works readily available today range from excellent scholarly 
publications (which naturally presuppose considerable expertise) to in- 
troductory but now outdated overviews.’ Far outnumbering works by 
historians, however, are those by an assortment of popular writers, oc- 
cultists, enthusiasts, and a few hucksters that recapitulate a variety of 
clichés, misconceptions, historical errors, and baseless opinions, rather 
than presenting the current state of knowledge about the subject. Most 
such books link alchemy in various ways—both favorable and unfavor- 
able—to religion, psychology, magic, theosophy, yoga, the New Age 
movement, and, perhaps most often, to loosely defined notions of the 
“occult.” Without guidance, it thus proves extremely difficult for even 
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the most intrepid seeker to emerge from such a labyrinth with any clear 
or sound conclusions about the true nature of alchemy. 

So what zs alchemy? Who were the alchemists, and what did they 
believe and do? What were their goals, and what did they accomplish? 
How did they envision their world and their work, and how were they 
seen by contemporaries? These are the main questions I explore in the 
following pages. 

My goal is to provide a reliable guide to the various secrets of alchemy. 
A comprehensive history of the subject not only would run to unread- 
able length but also would be premature, since scholars still have much 
to learn about it. I present instead only an introduction that can serve 
as a solid foundation for further inquiry. My chief motivation, then, in 
writing this book has been to make some of the enormous wealth of re- 
cent discoveries about alchemy accessible to a wider audience. While 
alchemy has always been considered secret and privileged knowledge, 
perhaps the best-kept alchemical secret of our day is how radically our 
understanding of the subject has changed during the last forty years. 
Alchemy is now a hot topic among historians of science. Books and man- 
uscripts that have lain unread for centuries are now being read again, 
and their contents more accurately understood in historical context. We 
are learning more about alchemy every day. Yet much of this new infor- 
mation has remained inaccessible to most readers, because it is published 
in specialist literature and in multiple languages—more often than not 
in languages other than English. The result has been that most popular 
writing about alchemy repeats the same mistaken notions over and over 
again, perpetuating errors that were satisfactorily and convincingly cor- 
rected in the scholarly literature as much as eighty years ago. I believe 
that interested readers deserve much better. 

I wrote The Secrets of Alchemy to function on two levels. In the main 
body of the text, I keep the nonspecialist, the general reader, and the 
student in mind. No prior knowledge of alchemy or specialized knowl- 
edge of the history of science is necessary to understand it. Some famil- 
iarity with chemistry will help in chapter 6, but is not crucial. For readers 
who want to delve more deeply into one or more aspects of the subject, 
however, I have supplied extensive endnotes directing them to more 
advanced treatments. These notes are intended to function as a catego- 
rized (but not exhaustive) guide to the most reliable current scholarship 
on the subject as well as to sound editions of primary texts. I have not 
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been so pedantic as to list every source available on each topic; I have in- 
stead chosen only the best and most pertinent. My apologies to scholars 
whose relevant works I have not yet encountered; I would be delighted 
to receive references or offprints. 

I have strenuously avoided making this book a Who’s Who of alchemy. 
Many practitioners of the discipline, including some important ones, 
receive only passing mention or even none at all—a fact that might dis- 
appoint some readers. I chose instead to focus on a small number of im- 
portant characters, each of whom represents a major trend or feature 
within alchemy. Readers will thus gain a deeper familiarity with the 
thinking of a few foundational figures who can act as reckoning points 
within the long alchemical tradition, rather than coming away with a 
superficial overview of many characters. 


Alcbemy's Periodization and the Structure of This Book 


Historians of science customarily divide the history of Western alchemy 
into three main chronological periods: the Greco-Egyptian, the Arabic, 
and the Latin European. The Greco-Egyptian (and later, Byzantine) 
period, which stretches from the third to the ninth century, set alche- 
my’s foundations and established many features that would character- 
ize it for the remainder of its life. The Arabic or Islamic period (eighth 
to fifteenth century) sought out this Greek heritage and then massively 
augmented it with fundamental theoretical frameworks and a wealth 
of practical knowledge and techniques. Thus when alchemy arrived in 
medieval Europe, it came as an Arabic science, its lineage signaled by 
the Arabic definite article al- affixed to the word itself. It was thereafter 
in Europe that alchemy saw its greatest flowering and largest following. 
After its establishment in the High Middle Ages (twelfth to fifteenth 
century), alchemy achieved its golden age during the early modern pe- 
riod (sixteenth to early eighteenth century), an era widely known as the 
Scientific Revolution. Not only was the alchemy of this period the most 
developed and diverse of all, but we possess vastly more sources dating 
from this time than from earlier ones. 

To these three eras of the standard periodization should be added a 
fourth, which stretches from the eighteenth century to the present day. It 
is to this (ongoing) period that we owe influential “revivals” and radical 
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reinterpretations of earlier alchemical traditions, several of which gener- 
ated lively cultural and intellectual movements of their own. This period 
should be treated as a significant part of the full history of alchemy. It is 
also to this period that we owe most of the misconceptions about pre- 
eighteenth-century alchemy that remain widespread. Consequently, it 
is better to examine the origins of these depictions of alchemy, and to 
situate them in their due historical contexts, so that they do not distract 
from our efforts to gain a more historically accurate depiction of alchemy 
as it existed before the eighteenth century. To that end, revealing the 
surprising (and surprisingly late) origins of many ideas about alchemy 
widely held today is sufficiently important to warrant violating chro- 
nological order. Therefore, chapters ı through 3 cover Greco-Egyptian, 
Arabic, and medieval Latin alchemy, respectively, but chapter 4 jumps 
over alchemy’s golden age of the sixteenth and seventeenth centuries to 
treat the eighteenth-century “end” of alchemy and the subsequent era 
of reinterpretations and revivals. Chapter 5 resumes the chronological 
sequence by exploring alchemy in the early modern period. 

Topics akin to those pursued in Western alchemy were also subjects 
of early inquiry further East—that is to say, in India and China. However, 
the Indian and Chinese material is not covered here. The major reason 
is simply that we do not yet have a sufficiently comprehensive or accu- 
rate understanding of it. Furthermore, when previous treatments of al- 
chemy attempted to combine Eastern and Western alchemy into a single 
narrative, the result was usually more confusion, not greater clarity. For 
example, an ahistorical conflation of Chinese and Western alchemy 
spawned the popular, but erroneous, notion that European alchemists 
sought an “elixir of immortality.” Although Western practitioners did 
seek medicines that would extend life, the search for earthly immortality 
through alchemy was a uniquely Chinese goal. Eastern and Western pur- 
suits and practices do bear certain resemblances, but they are embedded 
in such widely divergent cultural and philosophical contexts that trying 
to squeeze them into a single narrative damages the uniqueness of each 
one. The Western term alchemy might even prove to be a misleading 
label for the Eastern practices known more correctly as waidan and 
neidan. In any event, meaningful historical linkages between Eastern 
“alchemy” and Western alchemy remain unidentified (although contact 
within the Islamic world is certainly plausible), and so it is unwise to 
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assume or assert such linkages in the current absence of clear and com- 
pelling historical evidence. The two "alchemies" of East and West are, at 
least at this point in time, better treated as separate entities.” 

The last three chapters of this book recount aspects of alchemy’s great 
flowering in sixteenth- and seventeenth-century Europe. Chapter 5 gives 
an overview of early modern alchemical theory and practice, and outlines 
its terminology and goals in making metals, medicines, and other arcana. 
Chapter 6 confronts the difficult question of what alchemists were actu- 
ally doing in their laboratories. I approach this question by two comple- 
mentary routes: the textual and the experimental. The first and more 
traditional route involves deciphering the bizarre language and imagery 
that early modern alchemists routinely used to conceal their knowledge 
and activities. The second and more novel route involves replicating the 
deciphered alchemical processes in a modern laboratory to see and do 
what early modern alchemists saw and did, and to test the correctness of 
the textual interpretations. Chapter 6 both explains step by step how to 
understand enigmatic texts and images purporting to teach the prepara- 
tion of the Philosophers’ Stone, and reveals the actual chemical basis for 
the secretly encoded processes. The results are often very surprising. 

Alchemy’s place in early modern Europe extended far beyond the 
confines of smoky laboratories; it diffused itself through a wide swath 
of contemporaneous culture. Artists, poets, humanists, playwrights, de- 
votional writers, theologians, and many others borrowed from and com- 
mented on alchemy. Their works offer additional perspectives on the 
Noble Art. Additionally, some ways of thinking natural to alchemists 
illustrate profound differences between the ways early modern people 
saw and thought about their world and the ways we (or at least most of 
us) do today. The study of alchemy therefore opens a window onto a re- 
markable and meaning-rich vision of the world that has largely been lost 
today. This vision was by no means unique to alchemists; it was common 
throughout European culture of the day. Failing to understand that vi- 
sion means failing to understand not only alchemy but our predecessors 
as a whole, and indeed diminishing ourselves by allowing a crucial part 
of Western heritage to fall into oblivion. The seventh and final chapter 
presents these wider worlds of alchemy. 

The study of alchemy—and of the past in general—brings us into con- 
tact with the diverse ways thinkers of other times and cultures conceived 
of the world, how they answered questions the world posed to them, and 


WHAT IS ALCHEMY? 7 


how they made use of the powers and riches of that world. This why we 
study history: to see, at least for a time, with the eyes of others, and to be 
enlightened and enriched by the fresh (but ancient) ways they might see 
even the most common and neglected of things. In this regard, alchemy 
still has much to teach. 


» on: + 


ORIGINS 


Greco-Egyptian Chemeia 


E locate the origins of alchemy, we must travel back to Egypt in 
the first centuries of the Christian Era. This place was no longer 
the Egypt of the far more ancient pharaohs and pyramid builders but 
a cosmopolitan, Hellenized civilization. Egypt had come under the in- 
fluence of Greek culture following its conquest by Alexander the Great 
during his vast military campaigns of 334-323 BC. Even after Egypt's 
absorption into the Roman Empire in the first century BC, its domi- 
nant culture and language remained Greek. By the first century AD, its 
major city, Alexandria (founded in 331 BC and named for Alexander 
himself), had become a vibrant crossroads for cultures, peoples, and 
ideas. From this Eastern Mediterranean melting pot, the earliest sur- 
viving chemical texts, and even the origin of the word chemistry itself, 
date: 

Many technical operations fundamental for alchemy had been devel- 
oped well before its emergence. The smelting of metals such as silver, 
tin, copper, and lead from their ores had been practiced already for four 
thousand years. The making of alloys (such as bronze and brass, both 
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alloys ofcopper) and various techniques for metallurgy and metalwork- 
ing had been developed to a fairly high degree. In Egypt, artisans had 
devised an array of processes for making and working glass, producing 
artificial gems, compounding cosmetics, and creating many other com- 
mercial products in what might be called an ancient chemical industry.' 
Generations of workshop laborers had devised and refined these tech- 
niques, with the tricks of the trade passed down from father to son, from 
master to apprentice. 


The Technical Literature: The Papyri and Pseudo-Democritus 


The earliest documents that scholars routinely attach to the history of 
alchemy bear witness to this technological and commercial background. 
These precious and unique texts, written in Greek on papyrus, date from 
the third century AD. They were discovered in Egypt in the early nine- 
teenth century and now reside in museums in Leiden and Stockholm; 
hence they are called the Leiden and Stockholm Papyri.” They contain 
about 250 practical workshop recipes. These recipes fall into four chief 
categories: processes relating to gold, to silver, to precious stones, and 
to textile dyes, all costly articles of luxury and commerce. Significantly, 
most of the recipes deal with how to make imitations of these valuable 
substances: coloring silver to look like gold, or copper to look like silver; 
making artificial pearls and emeralds; and coloring cloth purple using 
cheaper imitations of the extravagantly expensive imperial purple dye 
made from murex snails. Since the Papyri also contain a series of tests to 
determine the purity of various metals, both precious and common, it is 
evident that the original users of these formulas clearly understood the 
difference between genuine and imitation articles. 

We can get a better sense of what these craftsmen were doing by try- 
ing to follow in their footsteps. The eighty-seventh recipe in the Leiden 
Papyrus describes the “discovery of the water of sulfur.” The ancient 
text's directions are these: "Lime, one dram; sulfur, previously ground, 
an equal quantity. Put them together into a vessel. Add sharp vinegar 
or the urine of a youth; heat from underneath until the liquid looks like 
blood. Filter it from the sediments, and use it pure.” The ingredients of 
this recipe are simple, clearly identifiable, and readily obtainable, so we 
can replicate the process today. After the ingredients are mixed (I found 
that urine works better than vinegar, by the way) and boiled gently for 
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about an hour, an orange-red and unpleasantly scented liquid results. 
Although the Leiden Papyrus does not say how to use the liquid, we can 
guess. When a polished piece of silver is dipped into it, the metal quickly 
becomes tawny, then golden, then coppery, then bronzy, purple, and fi- 
nally brown. Impressively, the shiny brilliance of the metal remains un- 
diminished by the color changes until the very end, and the color and 
sheen remain stable for long periods of time. With a little practice and 
careful control of the temperature and the length of time the metal is left 
in the solution, I succeeded in making silver look astonishingly like gold 
(see plate 1).* 

The color changes result from the formation of extremely thin layers 
of sulfides on the metal surface, owing to the action of calcium polysul- 
fides present in this “water of sulfur.” To be sure, similar compositions 
are still used occasionally today for patinating metal objects (in other 
words, producing changes to their surface color). 

Recipes such as this one provide a necessary background to the 
emergence of alchemy, but they are not themselves, strictly speaking, 
alchemical. Alchemy, like other scientific pursuits, is more than a collec- 
tion of recipes. There must also exist some body of theory that provides 
an intellectual framework, that undergirds and explains practical work, 
and that guides pathways for the discovery of new knowledge. Alchemy 
moreover was to be about more than making look-alikes of precious 
substances. 

It is important to realize that these papyri are the only original docu- 
ments currently known to survive from the Greco-Egyptian period. 
Despite the many books about alchemy that we know were written 
during that time, the only surviving testimony of that distant era comes 
in the form of corrupt anthologies—that is, collections of excerpts cop- 
ied from original texts that are now lost. These anthologies—collectively 
called the Corpus alchemicum graecum—were compiled by Byzantine 
scribes, and the earliest of them dates from a time long after Greco- 
Roman Egypt had itself become a faded memory. The oldest surviving 
copy dates from around the start of the eleventh century, and many of 
its pages are missing. It contains excerpts from about two dozen books 
dating from the second to the eighth century, and is now preserved in 
Venice. This manuscript, called Marcianus graecus 299, is supplemented 
by a few later manuscripts now in Paris and elsewhere that contain ad- 
ditional texts or alternate readings. While priceless to scholars, these 
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collections represent only a frustratingly slim remainder of alchemy’s 
foundational epoch.? Equally problematic is the fact that the Byzantine 
compilers chose to copy what they thought was important—which could 
be neither representative of the original texts nor what the original au- 
thors themselves would have considered crucial. Hence, the overall pic- 
ture of what Greco-Egyptian alchemists thought and did is skewed by 
the way their writings were excerpted centuries later. 

The earliest text within the Corpus alchemicum graecum dates from 
about the late first or second century AD. It carries the title Physika kai 
mystika, and the text we possess is fragmentary. Its author is named as 
Democritus; but he is certainly not, as is sometimes claimed, the ancient 
philosopher of the fifth century BC famous for his notion of atoms. The 
title, which may have been given to it much later, is often translated as 
Physical and Mystical Things. Although that might look like a reasonable 
rendering of the Greek, it is misleading. A better translation is Natural 
and Secret Things. The Greek word mystika did not refer in ancient times 
to what we today call mystical, that is, something having a special reli- 
gious or spiritual meaning, or expressing a personal experience of the 
ineffable. Instead, it simply meant things to be kept secret.’ Calling this 
text Physical and Mystical Things immediately suggests that the author 
was describing both material and spiritual things, but this is not the case. 
The Pbysika kai mystika records workshop recipes similar to those of the 
Leiden and Stockholm Papyri. In fact, it uses the same fourfold division 
of processes into those for gold, silver, gems, and dyes. This similarity of 
format suggests that a whole tradition of practical recipe books once ex- 
isted in which this division was standard. For pseudo-Democritus, these 
processes are mystika, that is, secret, because they are lucrative artisanal 
processes—trade secrets, if you will. 

Nevertheless, the text also contains an account of how the frustrated 
author, unable to carry out his craft adequately because his master had 
died before teaching him the necessary techniques, tried to contact the 
deceased. The attempt was only half successful. The master's shade spoke 
only to say that he was not allowed to relay information freely across the 
gulf that now divided him from the living, and that "the books are in 
the temple." A little later, a pillar in the temple suddenly opened up to 
reveal a hidden niche containing a terse expression of the master's secret 
knowledge: "Nature delights in nature, nature triumphs over nature, 
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nature masters nature.” (This is not the only tale of alchemical secrets 
suddenly revealed in a place of worship.) This repetitive and rather ob- 
scure phrase is used like a refrain throughout the recipes of the Physika 
kai mystika. Whatever meaning we attach to this tale of discovery, the 
recipes themselves remain straightforward and practical, with no trace 
of the mystical (in a modern sense) or the supernatural. 


The Birth of Alchemy 


The recipe literature such as the Papyri and the Physika kai mystika aims 
to imitate or extend precious materials. But probably during the third 
century AD, a crucial juncture in the emergence of alchemy was reached. 
At some point—no texts survive to inform us of exactly how or when this 
first happened—the idea of actually making real gold and silver emerged. 
This development would have seemed reasonable enough from the point 
of view of a worker at that time. If the water of sulfur can tinge the sur- 
face of silver to look like gold, why shouldn't there be some way to tinge 
it through and through—even more than that, to give silver not only 
the color of gold but all the properties of gold? The process for making 
gold is called chrysopoeia, from the Greek words chryson poiein (to make 
gold), and it is accompanied by the less common (and less lucrative) ar- 
gyropoeia, the making of silver. The general process of transforming one 
metal into another is called transmutation. 

From this point onward, alchemists had a coherent goal toward which 
to strive with both head and hand. They would pursue a great many 
things besides chrysopoeia, but the making of gold and silver remained 
one of the central goals of what would come to be called the Noble Art. 
The authors of the earliest alchemical treatises borrowed techniques, 
processes, and tools from a wide variety of contemporaneous artisans, 
yet they saw themselves as a group distinct from those artisans.’ Thus, 
both alchemy and alchemists acquired an independent identity in the 
third century. 

The birth of alchemy required the union of two traditions: the practi- 
cal artisanal knowledge exemplified in the recipe literature, and theo- 
retical speculations about the nature of matter and change present in 
Greek natural philosophy: What is matter? How does one thing change 
into another? A Greek speculative tradition centering on these questions 
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stretched back for some seven hundred years before the emergence of 
alchemy. Such questions preoccupied the earliest Greek philosophers, 
known collectively as the pre-Socratics. The first thinker generally cited 
in this tradition is Thales of Miletus (sixth century BC), who claimed that 
all the different substances around us are really modifications of a single 
primordial substance that he identified as water. Many other thinkers 
followed Thales with their own ideas. Democritus and Leucippus (fifth 
century BC) proposed the concept of invisibly small atomoi (atoms), 
from which everything is composed. Empedocles (circa 495-435 BC) at- 
tributed the origin of natural substances and their transformations to 
four “roots” of things he called fire, air, earth, and water. These four com- 
bine in various ways and separate under the influence of forces he called 
love and strife. Perhaps most prominently of all, Aristotle (384-322 BC) 

devoted substantial attention to the nature of matter and change, devis- 
ing theories and ways of thinking that would prove highly influential 
and fertile for further investigations. 

All these Greek philosophers endeavored to explain matter's hidden 
nature and to account for its unending transformations into new forms. 
Most of them embraced the idea that beneath the constantly changing 
appearances of things, there existed some sort of a stable, unchanging 
substrate. The notion that a single ultimate substance lies beneath all 
material things is known as monism. For Thales, this ultimate substance 
was water; for Democritus, imperishable atoms; for Aristotle, what he 
called “first matter” or “prime matter” (proton byle). Empedocles’ four 
elements, strictly speaking, represent a position of pluralism, since he 
implied that more than one kind of ultimate matter exists, but he nev- 
ertheless maintained the idea of a constancy beneath change. So far as 
we know, however, these natural philosophers had only a secondhand 
acquaintance with the practical knowledge of the crafts. 

In the cosmopolitan crossroads of Greco-Roman Egypt, the two 
streams of craft traditions and philosophical traditions coexisted. Their 
merger—probably in the third century AD—gave rise to the indepen- 
dent discipline of alchemy. The intimate mingling of the two traditions 
is evident in the earliest substantial texts we have about chrysopoeia. 
These writings come from a Greco-Egyptian alchemist who would be re- 
vered as an authority for the rest of alchemy’s history, and the first about 
whom we have any reasonably substantial or reliable historical details: 
Zosimos of Panopolis. 
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Zosimos of Panopolis 


Zosimos was active around 300 AD.” He was born in the Upper Egyptian 
city of Panopolis, now called Akhmim. We know that he was not the first 
chrysopoeian, because his writings refer to earlier authorities, and even 
to rival “schools” of alchemical thought that had already developed by his 
time. (Of these other schools we know absolutely nothing save what he 
writes in criticism of them.) Zosimos is thought to have written twenty- 
eight books about alchemy; alas, most of what he wrote is now lost. We 
have only scraps: the prologue to a book titled On Apparatus and Furnaces 
(sometimes called the Letter Omega, under which letter it was once clas- 
sified),'' several chapters from other works, and scattered excerpts. Some 
of Zosimos’s writings are addressed to Theosebeia, a woman who seems 
to have been his pupil in alchemical matters, although whether she was 
a real person or a literary device we will never know for sure. Despite the 
fragmentary nature of what survives and the difficulty in interpreting it, 
these writings provide the best window we have onto Greek alchemy. 
Surprisingly, these early texts establish many concepts and styles that 
would remain fundamental for much of later alchemy. 

Zosimos' orientation toward a central goal (metallic transmutation), 
his insightful engagement with the practical problems in reaching it, his 
search for the means of surmounting these problems, and his formulation 
and application of theoretical principles clearly underscore his writings 
as something new and significant. While earlier texts are recipe miscel- 
lanies, Zosimos's texts witness a coherent program of research that draws 
on both material and intellectual resources. He describes a wide array 
of useful apparatus—for distillation, sublimation, filtration, fixation, and 
so forth—in great detail.'* Many of these instruments are adapted from 
cooking utensils or items used in perfumery or other crafts. Zosimos did 
not devise all these instruments himself, indicating how developed prac- 
tical chrysopoeia must already have become by the start of the fourth 
century AD. The writings of his predecessors form a key resource for him, 
and he cites them frequently. One of the most prominent authorities is 
named Maria—sometimes called Maria Judaea or Mary the Jew—and 
Zosimos credits her with the development of a broad range of appara- 
tus and techniques. Maria's techniques include a method of gentle, even 
heating using a bath of hot water rather than an open flame. This simple 
but useful invention preserved the legacy of Maria the ancient alchemist, 
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not only for the rest of alchemy’s history, but even down to the pres- 
ent day. It is her name that remains attached to the bain-marie or bagno 
maria of French and Italian cookery. 

Several of the pieces of apparatus Zosimos describes—for example, 
one called the kerotakis—are designed to expose one material to the va- 
pors of another. Indeed, he seems particularly interested in the action of 
vapors on solids. This interest is partly grounded on practical observa- 
tions. Ancient craftsmen knew that the vapors released by heated cad- 
mia (or calamine, a zinc-containing earth) could turn copper golden by 
transforming it into brass (an alloy of zinc and copper). The vapors of 
mercury and arsenic whiten copper to a silvery color. Perhaps knowledge 
ofthese color changes induced Zosimos to seek analogous processes that 
would bring about true transmutations. Guiding theories are certainly 
discernible in his writings. This is a crucial point to stress. Today there is 
a common misconception that alchemists worked more or less blindly— 
stumbling about mixing a little of this and a little of that in a random 
search for gold. This notion is far from the truth; already with Zosimos 
we can identify theoretical principles that guided his practical work, as 
well as practical observations that supported or modified his theories. 
Many theoretical frameworks for alchemy would develop in various 
times and places, and these frameworks both supported the possibility 
of transmutation and suggested avenues for pursuing it practically. 

In the case of Zosimos, not enough of his work survives to map out his 
thinking fully. Yet it is clear that he viewed the metals as composed of 
two parts: a nonvolatile part that he calls the "body" (soma) and a vola- 
tile part that he calls the "spirit" (pneuma). The spirit seems to carry the 
color and the other particular properties of the metal. The body seems to 
be the same substance in all metals; in one fragment Zosimos appears to 
equate it with the liquid metal mercury. Thus, the identity of the metal is 
dependent on its spirit, not its body. Accordingly, Zosimos uses fire—in 
distillation, sublimation, volatilization, and so on—to separate the spirits 
from the bodies. Joining separated spirits to other bodies would then 
bring about transmutation into a new metal. 

Across the gulf of ages, Zosimos's observant, active, questioning mind 
makes itself apparent. In one passage, he notices the disparate effects 
of sulfur vapor on different substances, and expresses his astonishment 
that while the vapor is white and whitens most substances, when it is 
absorbed by mercury, which is itself white, the resulting composition 
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is yellow. Always ready to criticize his contemporaries, Zosimos chides 
them by saying that "they should inquire into this mystery first of all.” 
He likewise expresses his surprise that when the vapor of sulfur turns 
mercury into a solid, not only does the mercury lose its volatility and 
become fixed (that is, nonvolatile), but the sulfur also becomes fixed and 
remains combined with the mercury.'* Zosimos's observation is now rec- 
ognized as a basic principle of chemistry: when substances react with one 
another, their properties are not "averaged," as they would be in a mere 
mixture, but instead completely changed. Clearly, Zosimos was a careful 
observer who thought deeply about what he witnessed experimentally. 

Zosimos calls transmutation the "tingeing" of metals, and uses the 
word baphé, from the verb bapbein, which means “to dip" or “to dye”; he 
likewise calls a transmuting agent a "tincture," that is, something able to 
tint or color. These word choices signal the connection of his ideas to the 
recipe literature, which was primarily concerned with coloring metals, 
stones, and cloth to produce precious (or apparently precious) objects. 
Accordingly, the "water of sulfur" reappears prominently in Zosimos, 
but now with strikingly new meanings. It is no longer a simple compo- 
sition for bringing about superficial changes but rather some putative 
substance able to bring about real transmutation—and consequently 
something eagerly sought and eagerly hidden. 

Here an almost ubiquitious feature of alchemy appears: secrecy and tbe 
biding of names. Zosimos delights in playing with the name of this sub- 
stance. Thanks to an ambiguity in the Greek language, in some contexts 
the name can mean either “water of sulfur" or "divine water.” In some 
places he intends the name to mean a transmuting agent, while in oth- 
ers he is clearly talking about the simple lime-sulfur composition of the 
recipe literature.” In yet another place he describes it as “the silvery wa- 
ter, the hermaphrodite, that which flees without ceasing .. . it is neither a 
metal, nor a water always in movement, nor a solid body, for one cannot 
grasp it." In this case his riddle for "divine water" seems to describe mer- 
cury, presented as the basic substrate for all metals. Elsewhere, the same 
term seems to have yet other meanings. In point of fact, in a Zosimos 
text just recently identified, the Egyptian admits freely that alchemical 
writers "call a single thing by many names while they call many things by 
a single name." He notes that the production of transmuting "waters" 
is “the manifest secret, that which is studiously hidden." ? The moderate 
level of secrecy encountered in the earlier recipe literature thus becomes 
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more intense and more self-conscious with Zosimos. Such secrecy would 
wax and wane in intensity but never disappear for the rest of alchemy’s 
history. 

To promote such secrecy, Zosimos employs a technique that would 
become typical for alchemical authors: the use of Decknamen, a German 
term meaning “cover names.” These Decknamen function as a kind of 
code. Instead of using the common name for a substance, the alchemi- 
cal writer substitutes another word—usually one that has some link, 
literal or metaphorical, with the substance intended. There is already 
some hint of this technique in pseudo-Democritus, where he uses the 
adjective our to specify a substance other than that usually meant by 
a common term; for example, he uses “our lead” to mean the mineral 
antimony (stibnite), a substance that shares some properties with lead. 
Decknamen serve a dual purpose: they maintain secrecy, but they also 
allow for discreet communication among those having the knowledge 
or intelligence to decipher the system. They simultaneously conceal and 
reveal. Consequently, Decknamen have to be logical, not arbitrary, so that 
they can be deciphered. If Decknamen could not be deciphered by read- 
ers, then total secrecy would be the result; and if the intent were to con- 
ceal information entirely, it would be far simpler for alchemists to have 
written nothing at all. 

The encoding of information does not stop with simple replacements 
of the names of substances, not even in Zosimos. Perhaps the most fa- 
mous fragments of the Panopolite are sometimes (and misleadingly) 
called his “Visions.” Three fragments describe a series of five “dreams” 
separated by periods of waking. These dreams involve an altar shaped 
like a chemical vessel, various men of copper, of silver, and of lead, their 
violent dismemberment and death, and Zosimos’s conversations with 
them. Much ink has been spilled trying to explain what these texts re- 
ally mean. Regardless of the varied answers that have been offered over 
the past century or so, Zosimos himself tells us that they are allegorical 
descriptions of practical transmutational processes. In other words, the 
actors, places, and actions described are personified Decknamen woven 
into a coherent and extended narrative. Such allegorical language would 
remain a common feature of alchemical writing, and become especially 
prominent in works by European practitioners starting in the fourteenth 
century. 
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Zosimos calls his dream sequence a “prologue” intended to help the 
reader unveil the “flowers of speech” (antbe logon) that follow. In the 
text as we have it today, only one practical process follows, but it ap- 
pears that originally there were many more, now lost.'? In another place, 
Zosimos writes clearly that after “awaking” from a dream, he “understood 
very well; those who busy themselves with these things [the events in the 
dreams] are the liquids of the metallic art.””° In the book On Sulphurs, 
Zosimos uses a simile that compares the transmutation of lead into sil- 
ver to a tormented man who becomes king; this image, which the text 
clearly links to a practical process, is very similar to those expressed in 
Zosimos's second "dream."?! 

Some modern writers have read various mystical or psychological 
meanings into Zosimos's allegorical accounts, but in so doing they have 
largely ignored their context—both within the corpus of his writings and 
within his cultural milieu. Zosimos clearly states that his “dreams” have 
a technical meaning in the context of the transmutation of metals—the 
primary topic of his texts. Some scholars have even proposed plausible 
interpretations of the "dreams" in terms of the Panopolite's alchemical 
theories and laboratory practices.” It is certainly possible that Zosimos 
did in fact dream (or daydream) about the work in which he was so 
deeply engaged; many readers have probably had similar experiences 
of work-related matters reexpressing themselves in strange dreams. But 
it is more probable that Zosimos composed these "dreams" explicitly, 
much like a fiction writer works, thus creating a self-consciously allegori- 
cal "prologue" for one of his practical treatises. This practice harmonizes 
well with his routine use of secrecy, and in fact, immediately after recit- 
ing one of these "dreams," he declares axiomatically that "silence teaches 
excellence," as if to explain his own relative silence and to advise an 
analogous silence for his readers.” The use of dreams as a literary device 
was an established and popular practice in Zosimos's day, and placing 
information into the form of a dream gives it a certain cachet—an air of 
authority and a tone of revelation. 

Yet showing that the core meaning of Zosimos's "dreams" lies in prac- 
tical alchemical operations does not mean we can ignore their broader 
cultural context. Zosimos surely drew upon his own experience and 
knowledge of contemporaneous religious rites for imagery to use in this 
allegorical sequence. His language of altars, dismemberment, and sacri- 
fice surely reflects something of late Greco-Egyptian temple practices. 
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This recognition brings up a huge point for the entire history of science: 
how do practitioners’ philosophical, theological, religious, and other 
commitments manifest themselves in the study of the natural world, 
whether in alchemy or elsewhere? Such studies—be they alchemical or 
modern scientific—do not occur in a cultural vacuum, nor are practition- 
ers somehow insulated from the conceptions, interests, and ways of 
thinking of their particular time and place. Chapter 7 deals with the in- 
separability of such matters from alchemy and indeed from all scientific 
pursuits more generally. For now, it suffices to take one last illustrative 
look at Zosimos. 

There is undoubtedly a link between Zosimos and Gnosticism. 
Gnosticism was a diverse grouping of religious movements of the second 
and third centuries AD that stressed the need for revealed knowledge 
( gnosis) to achieve salvation.” This salvific knowledge included the re- 
alization that man’s inner being was of divine origin but had become 
imprisoned in a material body. Knowledge was necessary to overcome 
man’s ignorance (or forgetfulness) of his origins, enabling him to begin 
liberating himself (that is, his soul) from subjection to the body and its 
passions, and to the material world and the evil forces that govern it. 
The Gnosticism widespread in Zosimos's Greco-Egyptian milieu sur- 
faces clearly in two places in his writings. One is the prologue to his On 
Apparatus and Furnaces, and the other is the fragment called the “Final 
Account.” The question is how and to what extent Gnostic ideas play a 
role in Zosimos’s alchemical ideas. 

In the first text, Zosimos rails against a group of rival alchemists who 
criticize On Apparatus and Furnaces as unnecessary. He counters that 
they think this way only because they are using phony tinctures (trans- 
muting agents) whose apparent success is actually the result of spiritual 
beings called daimons.?^ The daimons trick these errant alchemists into 
believing that their preparations work, and as a result they claim that 
the specific equipment, materials, and procedures stipulated by Zosimos 
are not needed for success. The daimons thus use these false tinctures to 
manipulate their ignorant possessors, thereby keeping them under dai- 
monic sway and subjected to Fate (an evil force to be rejected). What 
true alchemists seek, Zosimos declares, are tinctures that are purely 
"natural and self-acting," bringing about transmutation by the operation 
of their natural properties alone." To prepare these true, natural tinc- 
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tures, the right apparatus and the right ingredients and processes are 
absolutely necessary. 

To drive home his point about the baleful results of allowing oneself 
to fall under the sway of daimons, Zosimos then gives a Gnostic account 
of the Fall of Man—how the original human being was deceived by ma- 
leficent spirits into being embodied as Adam. Zosimos reveals a Christian 
form of Gnosticism by recounting how Jesus Christ provided human be- 
ings with the knowledge needed for salvation, namely, the need to reject 
their “Adam” (the material body) in order to ascend again to their proper 
divine realm. Human imprisonment and its attendant evils thus arose in 
the first place from daimonic deception, just like that which now causes 
the errant alchemists to reject Zosimos’s book. Surely, these bad alche- 
mists are making their own circumstances worse by blindly continuing 
to be duped rather than liberating themselves from daimonic control. 
Zosimos’s critical prologue must have originally provided an appropri- 
ate introduction to his (now lost) text about the furnaces and apparatus 
necessary for preparing a true transmuting tincture. 

Does Gnosticism express itself visibly in Zosimos's alchemical theo- 
ries or practices? Possibly. Given the Gnostics’ fondness for casting their 
tenets into myth format, we could wonder if Zosimos's choosing to put 
alchemical processes into an allegorical dream sequence arises from 
the same tendency to mythologize doctrines—Gnostic or alchemical. 
Additionally, Zosimos's guiding theory of the twofold nature of metals 
(body and spirit) and the practical need to free the active, volatile soul 
from the heavy, inert body in order to achieve transmutations seems to 
parallel Gnostic views—and some other contemporaneous theological 
views—of man's divine soul as being trapped in a material body, and the 
consequent need to free it. For a Gnostic (or a Platonist, for that matter, 
and Zosimos wrote about Plato as well), human individuality and per- 
sonality are found in the soul, not the body. In the same way, the metals 
draw their particular nature and identity from their pneuma, not their 
soma. 

We completely miss the fullness and multivalent complexity of pre- 
modern thought if we dissect it into modern categories. Zosimos had no 
reason to isolate his philosophical or theological commitments into spe- 
cial categories separated from the balance of his thought. Today there is 
a tendency to imagine that such "mixing" (itis mixing only from our per- 
spective) somehow impedes rational and clearheaded work on practical 
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matters, yet this is not only a modern prejudice but also far from true. 
Zosimoss methods—like anyone else's—of thinking about, conceiving, 
and interpreting his work could not help but be influenced by, and draw 
on, the totality of the way in which he conceived of the world as a whole. 
Thus, it is incorrect to say that alchemy for Zosimos was itself a religion, 
and an exaggeration to say that his alchemy was Gnostic. Yet it is equally 
wrong to imagine that Zosimos could (or should) “turn off” his ways 
of thinking, his mental landscape built upon contemporaneous Gnostic, 
Platonic, and other commitments, when at work on practical alchemi- 
cal processes. Even modern scientists cannot do that, although some of 
them convince themselves that they can (perhaps under the trickery of 
a daimon named Pure Objectivity). 

Before we leave Zosimos’s time and place, there is one more piece 
of context to add. If scholars are correct to date Zosimos's activity to 
around 300 AD, then he witnessed not only Emperor Diocletian's vio- 
lent suppression of a rebellion in Egypt in 297-98 but also the attempted 
destruction of alchemy's literary heritage by the same emperor. It is re- 
ported that Diocletian ordered all "books written by the Egyptians on 
the cbeimeia of silver and gold" to be burned. The source, an account 
of the martyrdom of Christians during Diocletian's persecutions, claims 
that this measure was taken to prevent the Egyptians from amassing 
enough wealth to rebel again.’ However, if indeed this book burning 
took place as reported, it may have been related to Diocletian's empire- 
wide monetary reforms, which included the replacement in 295-96 of 
Egyptian provincial coins (minted at Alexandria) with standard Roman 
currency. 

The third century AD witnessed a steady monetary collapse for the 
Roman Empire. Mints increasingly debased the currency by striking coins 
containing less and less precious metal, thus widening the gap between 
the coins face value and their intrinsic worth. The amount of silver in the 
coin called the antoninianus, for example, dropped from 52 percent to 
less than 5 percent. Many issues of bronze coins were given a superficial 
silver (or merely silvery) coating to make them appear to be worth more 
than they really were. Diocletian's solution (which ultimately proved 
unsuccessful) was to issue new coinage.” Since the Egyptian books of- 
ten described means of mimicking precious metals, hiding the debase- 
ment of alloys, or—in the ideal case—producing new gold and silver, it 
seems that these sorts of processes would be the last thing a ruler intent 
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on monetary stabilization would want to have around, especially in the 
hands of a rebellious province of the empire. Significantly, a substantial 
number of late antique coins made of imitation precious metal have re- 
cently been identified, and the composition of some of them is strikingly 
similar to what would be produced following the recipes in the Papyri 
and pseudo-Democritus.” If the fear of counterfeiting and currency de- 
basement lay behind Diocletian’s decree, it would be the first in a long 
line of concerns over the value of currency that resulted in proscriptions 
against alchemy. The imperial edict banning books about cheimeia might 
also provide some of the background for the enhanced level of secrecy 
apparent in Zosimos's writings. 

Whether or not this last suggestion is correct, one feature of this 
account remains: it is one of the earliest usages we have of a term— 
cheimeia—from which the words alchemy and chemistry derive. It is now 
time to say something about these two words. As with so much of al- 
chemy, many unreliable claims have been made about their origin. This 
situation dates to the alchemists themselves, who loved to indulge in 
drawing fanciful etymologies in order to make various claims about their 
discipline. A common practice in antiquity was to trace the name of a 
thing to that of a mythical founder—hence Rome draws its name from 
the mythical Romulus, for example. Zosimos refers to an early alchemist 
named Chémés or Chymés, and in another passage claims that the art 
was initially revealed by an angel in a book titled Chémeu.*' Zosimos un- 
doubtedly drew the germ of this notion from the apocryphal Hebrew 
Book of Enoch (or 1 Enoch), wherein fallen angels teach the productive 
arts to mankind. But even modern texts about the history of alchemy 
or chemistry often present unlikely origins. One popular notion is that 
chemistry derives from the Coptic word kberne, meaning “black,” alluding 
to the “black land,” Egypt, in reference to the color of Nile silt. There is 
some support for this notion, since the first-century-AD writer Plutarch 
notes that chémia was an old name for "Egypt. ^? Hence, according to this 
theory, chemistry would literally mean “the Egyptian art.” Less plausibly, 
others have linked this derivation to the “black stage,” a crucial step to- 
ward effecting transmutation, or to the imagined nature of alchemy as a 
"Black art. 

But the word more likely has a Greek origin, given that Greek was 
the language both of the earliest alchemical texts and of literate Greco- 
Roman Egypt. The “chem” of alchemy and chemistry very probably 
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derives from the Greek cheö, which means “to melt or fuse." Cheö also 
gives rise to the Greek word chuma, which signifies an ingot of metal. 
Since most of the early chemical practices involved the melting or fusing 
of metals, this etymology certainly seems the most plausible and reason- 
able. The Greek word for the subject is then chemeia or chumeia, literally 
an "art of melting [metals]." (A predominantly Greek etymology does 
not, however, rule out a double meaning that draws also on the Coptic 
root.) By the way, the use of the word alchemy in referring to the Greco- 
Egyptian period could be seen as an anachronism, since that word is an 
Arabized form of the older Greek term—the “al” of alchemy is simply the 
Arabic definite article. (So what Zosimos and his contemporaries prac- 
ticed should perhaps be called "chemy" ... ) But more on terminology 
later.” 


Later Alexandrian and Byzantine Authors 


Several Greek texts about chemeia dating from after the time of Zosimos 
down to the eighth century survive.** Most are commentaries on ear- 
lier material, and as is the case with so much of early alchemy, several 
of their authors await further and more careful study. One important 
development within this material is a greater melding of the practical 
with the theoretical and philosophical. From Olympiodoros, a writer of 
the sixth century AD, we have a fragmentary commentary on a now-lost 
work of Zosimos. This Olympiodoros may very well be the philosopher 
of the same name who wrote commentaries on Aristotle. He followed 
the lead of earlier Greek thinkers—such as Thales—who sought to iden- 
tify a universal material from which everything is made. Olympiodoros 
reorients this idea of a common material substrate to speak of a common 
"matter of metals," which, by being receptive to a variety of different 
qualities, gives rise to the various metals. Thus, transmutation would be 
accomplished by reducing a metal to its “common metallic matter" and 
then introducing the qualities of the desired metal. This idea of a com- 
mon metallic matter subject to interchangeable sets of qualities seems 
a continuation of Zosimos' division of metals into “body” and “spirit.” 
Interestingly, Olympiodoros also justifies the use of allegory in place of 
plain language in alchemy by noting how Plato himself used the same 
literary device when teaching his most important points.” 

Stephanos of Alexandria, a Neoplatonic philosopher, commentator, 
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astronomer, and scholar, wrote an alchemical work titled On tbe Great 
and Sacred Art of Making Gold, which has recently been dated to 617. 
In this book he explicitly applies ideas from Plato, Aristotle, and other 
notable Greek philosophers to alchemy.*° Unlike Zosimos, however, 
neither Olympiodoros nor Stephanos seems to have been interested in 
practical work. Alchemy did not constitute their main interest; they 
were philosophical thinkers first. Accordingly, chrysopoeia was for them 
a philosophical issue, and perhaps we might think of them—at least from 
what we know presently—as armchair alchemists. Nevertheless, their ap- 
plication of Greek philosophical thought, especially regarding matter, 
to alchemy continued the construction of an increasingly sophisticated 
theoretical framework for chrysopoeia. Such developments were signifi- 
cant not just in themselves, but also because these later versions of al- 
chemy would be inherited by the Arabic world. 

An often-reproduced image that comes from Marcianus graecus 299 
is probably an emblematic expression of the philosophical principle 
upon which so much Greek alchemical theory and practice is based. This 
figure is known as the ouroboros, a serpent swallowing its tail (fig. 1.1). 
Interpretations of this simple but arresting image vary widely. But the 


Figure 1.1. The ouroboros from Marcianus graecus 299, fol. 188v. Reproduced in 
Marcellin Berthelot, Collection des alchimistes grecs (Paris, 1888), 1:132. 
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inscription within it—oNE THE ALL (ben to pan) —directs us again toward 
ancient Greek philosophical notions about a single material that serves 
as the underlying substrate for all substances. Clearly, this principle un- 
dergirds the idea of alchemical transmutation: one thing can be turned 
into another because at the deepest level they are really the same thing. 
Thus, as things appear to pass away and new things come to be, there 
is a sense in which they remain always the same: one thing is all things, 
all things are one thing. Thus, the serpent ouroboros, like the sum total 
of material substances, continuously consumes itself and produces itself 
from itself, remaining constant even while perpetually destroying and 
regenerating itself. | 

One other development is worth mentioning before departing the 
Greek-speaking world for the Arabic: new names for a specific substance 
that would bring about transmutation. In Zosimos, this substance is one 
of several things he meant by the phrase “water of sulfur.” Another term 
he uses is xérion, which originally meant a medicine in the form of a pow- 
der to be sprinkled on wounds. This term may have been chosen for its 
relation to the word pharmakon (drug, salve, poison), occasionally used 
by pseudo-Democritus for various substances able to color metals. But 
the term xérion suggests another parallel, namely, that just as medicine 
heals and improves sick human beings, chemeia heals and improves base 
metals by the use of its own “medicine,” the xérion or transmuting agent. 
This powerful agent of transmutation would acquire a new and more 
enduring name that appeared no earlier than the seventh century: bð 
litbos ton pbilosophön, the Philosophers' Stone. Discovering how to pre- 
pare that "stone which is no stone" would become the alchemists' para- 
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DEVELOPMENT 


Arabic al-Kimiya’ 


Ichemy developed extensively during its Arabic period, roughly 

750 to 1400, augmented in every respect by new theories, con- 
cepts, practical techniques, and substances. Centuries of cultivation in 
the Islamic world produced a massive body of knowledge across the sci- 
ences, medicine, and mathematics that would earn the awe and admira- 
tion of medieval Europeans when they first encountered it in the twelfth 
century. Yet although medievals recognized the wealth and importance 
of Arabic scholarship, that esteem gradually eroded in later generations, 
until the contributions and even the names of influential Arabic authors 
became confused, forgotten, or even suppressed. Thus, despite the im- 
portance of this period for alchemy—and for the entire history of sci- 
ence—our knowledge of it remains very incomplete. Historians have had 
to rediscover the primary sources of Arabic alchemy. Only at the end of 
the nineteenth century did scholars begin to study Arabic alchemical 
texts again. Strikingly enough, we owe part of this renewal of interest to 
the chemist Marcellin Berthelot (1827-1907), the same person respon- 
sible for the publication of the Greek Corpus alchemicum.' 
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Since that time, many questions have been addressed, many gaps in 
our understanding filled, and many mysteries solved, but much more 
still awaits attention. Even for the most important Arabic authors, only 
a few texts have been edited, and fewer translated. Much-needed new 
scholarship has been stymied by the inherent complexity of the manu- 
scripts and their loss through war and carelessness, as well as by regional 
political and economic situations that prevent free access to archives. 
Perhaps the most challenging problem, however, is the very small num- 
ber of historians of science with linguistic skills in Arabic, and the yet 
smaller subset of these with an interest in alchemy. 


The Transmission of Knowledge from Greeks to Arabs 


In the mid-seventh century, shortly after the beginnings of Islam, Arab 
armies surged out of the Arabian Peninsula in all directions—north into 
Palestine and Syria, east into Persia, west across North Africa, and finally 
into Spain and even France. Most important for the story of alchemy is 
the Arab conquest of the Byzantine lands in the Eastern Mediterranean. 
In 640, the city of Alexandria was conquered and Egypt annexed to 
the Islamic Empire. There and in other formerly Byzantine holdings 
in the Middle East, the nascent Muslim world came into close contact 
with Greek ideas and culture. This intercultural contact strengthened 
in 661, when Mu'awiyah, the second caliph (successors of the prophet 
Muhammad acting as leaders of Islam) of the Umayyad dynasty, es- 
tablished his capital at Damascus, in the heart of what just thirty years 
earlier had been Byzantine land. Thus, although the Umayyad caliphs 
were Muslim Arabs, their subjects were largely Byzantine Christians. 
The new Muslim rulers were skilled in warfare but not in running an 
empire, so they needed to employ experienced Byzantines as adminis- 
trators, architects, and planners. This sociopolitical situation offered 
ample opportunity for the newly arrived Arabs to learn Greek ideas. 
Thus, a “translation movement” began, slowly and haltingly under the 
Umayyads, but greatly accelerated under their successors, the ‘Abbasids, 
who moved the Islamic capital east from Damascus to the new city of 
Baghdad, which they founded in 762. There a host of translators labored 
to render hundreds of Greek books into Arabic: the writings of Aristotle 
and Plato, the mathematics of Euclid, and the medicine of Galen and 
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Hippocrates, as well as practical treatises dealing with technology, me- 
chanics, and, of course, chemeia. 

We used to think we knew exactly how Greek chemeia first estab- 
lished itself in Arabic culture as al-kimiya’. The story begins engagingly 
enough with intrigue and murder at the Umayyad court in Damascus. 
Khalid ibn-Yazid (died 704) was a young Umayyad prince, grandson of 
the caliph Mu'awiyah. When Khälid’s father died in 683 while besieg- 
ing Mecca during a civil war, Khälid’s elder brother succeeded to the 
caliphate, but died the next year at the age of twenty-two—and possi- 
bly not of natural causes. Because of Khalid’s youth, the caliphate was 
then given to a relative by the name of Marwan, with the condition that 
Khalid would succeed him. But Marwan then married Khälid’s widowed 
mother, promised the line of succession to his own sons, and declared 
Khalid a bastard. Khälid’s mother’s response was to smother her new 
husband with a pillow while he slept (some sources say she poisoned 
him). Given such a loving family, Khalid fled to Egypt. There, to put 
his lost caliphate behind him, the young prince began to study Greek 
learning, and found alchemy most to his liking. In some versions of the 
story, he encountered “Stephanos the elder,” presumably the author 
Stephanos of Alexandria mentioned in chapter 1. Stephanos taught 
Khalid and translated alchemical books into Arabic for him. In other 
versions of the story, Khälid’s instruction came instead from a Christian 
monk named Marianos. Accounts disagree on whether this monk was 
Greek or Roman, and whether or not he lived as a hermit in Jerusalem. 
In any event, Marianos had studied alchemy in Alexandria, supposedly 
under the tutelage of Stephanos, and shared that knowledge—including 
how to prepare the Philosophers’ Stone—with Khalid. The prince him- 
self then wrote several alchemical works to preserve the instructions he 
had received. 

Khälid’s books, and his status as “the first [Muslim] for whom medi- 
cal, astronomical, and chemical writings were translated,” are already 
recorded in a tenth-century Arabic source, as is the Christian monk 
Marianos.? Marianos's books are known today both in Latin translation 
and in Arabic.* Unfortunately, this tidy and engaging tale is pure fiction.’ 
The books bearing the names of Marianos and Khälid ibn-Yazid are ac- 
tually compositions dating a century or more after the lifetimes of their 
reputed authors. 
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Yet there are some consolations for those who like the story. It re- 
mains plausible—although there is no clear evidence for it yet—that 
Egypt was a site for the transmission of the first alchemical texts to the 
Arabic world, even if Khälid was not involved (the transfer probably 
began to take place sometime after his death in 704). As for Marianos, 
Greek knowledge probably did come to Arabic readers at first through 
the intermediacy of Christian clerics; there are several well-attested ex- 
amples of such transmission.° But the historical existence of Marianos is 
unlikely. Nevertheless, although this fictional seventh-century monk did 
not have the distinction of being the first to transmit Greek alchemy to 
Arabic readers, he would have the honor of being the first bearer of al- 
chemy to another eager readership some five hundred years later. Under 
the Latinized name Morienus, he will reappear soon. 

Without the convenient tale of Khalid and Marianos, the early as- 
similation of Greek alchemy into the Arabic world during the 700s re- 
mains obscure. What little we know of that early period is dominated by 
treatises written under the names of prominent Greeks. Zosimos’s name 
was used, naturally enough, but so were the names of more famous indi- 
viduals who never wrote a word about alchemy, such as Socrates, Plato, 
Aristotle, and Galen. At present we cannot tell if these texts are origi- 
nal Arabic compositions, translations of now-lost pseudonymous Greek 
works, or some combination of the two.’ 


Hermes and the Emerald Tablet 


This early period of pseudoepigraphical Arabic works produced what 
would become perhaps the most revered and best-known text related 
to alchemy: the Emerald Tablet, attributed to the legendary figure 
Hermes. Hermes, called Trismegestus from the Greek words meaning 
"the Thrice-Greatest, is a complex layering of Greek and Egyptian 
mythological and heroic figures. The writings connected with his name 
are known collectively as the Hermetica, and comprise a diverse jumble 
of dozens of texts of Greco-Egyptian origin. Many are philosophico- 
theological of a Neoplatonic character, and date from the first to the 
fourth century AD. Others are astrological, technical, or magical, and 
some of these latter date to the first century BC. All these Hermetic texts 
were well known in late antiquity. None of them, however, bears any 
clear relation to alchemy.? 
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Yet Zosimos cites a "Hermes" as an authority. More significantly, by the 
tenth century in the Islamic world, Hermes had grown into the founder 
of alchemy, a native of Babylon, and the author of a dozen more-or-less 
alchemical works.’ His fame and stature continued to grow thereafter. In 
the Latin West, his renown increased to the point that he was hailed as 
a contemporary or even a predecessor of Moses and a divinely inspired 
pagan prophet who foretold the advent of Christ. Asa result, Hermes isthe 
first and most prominent prophetic figure depicted in the late fifteenth- 
century pavement of the Cathedral of Siena in Italy. In Europe, Hermes 
likewise retained his position as alchemy’s founder, to the extent that 
the term Hermetic Art became synonymous with alchemy/chemistry. 
As a result of the constantly developing myth of Hermes, the Emerald 
Tablet—though merely one paragraph long—developed into a foun- 
dational text for many alchemists, both Arabic and Latin. It was sub- 
jected to myriad lengthy analyses by dozens of authors, including Isaac 
Newton.!° 

The exact origin of the Tablet remains obscure. Most evidence indi- 
cates that it was written centuries after the bulk of the philosophical or 
technical Hermetica, and that it is an original Arabic composition dating 
from the eighth century. No Greek precursor or any earlier Greek cita- 
tions of it have been located despite exhaustive searches.'! It first ap- 
peared appended to a work which itself has complex and obscure origins, 
the Book of tbe Secret of Creation (Kitab sirr al-kbaliqa) by one "Balinüs," 
an early ninth-century author writing in Arabic under the name of the 
much earlier Greek author Apollonios of Tyana.'* Balinüs's work is itself 
a pastiche; newer materials are combined with an earlier Syriac text by a 
priest named Sajiyus of Nablus, which itself incorporates yet older Greek 
material. How exactly the Tablet fits into this muddle remains unclear.? 
Nevertheless, it seems safe enough to doubt the veracity of the account 
told in the Book of tbe Secret of Creation that the text was discovered, 
written in Syriac on a tablet of green stone, clenched in the hands of 
an ancient corpse buried in a subterranean sepulcher hidden beneath a 
statue of Hermes Trismegestus.'* 

What is clear is that the Emerald Tablet never disappeared from view 
for long thereafter. It reappeared with various wordings and in various 
textual locations. Trying to make sense of it, however, occupied and frus- 
trated a long line of would-be interpreters. The text is short enough that 
an early version can be presented here in its entirety. 
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Truth! Certainty! That in which there is no doubt! 

That which is above is from that which is below, and that which is be- 
low is from that which is above, working the miracles of one thing. 

As all things were from one. Its father is the Sun and its mother the 
Moon. The Earth carried it in her belly, and the wind nourished it in her 
belly, as Earth which shall become fire. 

Feed the Earth from that which is subtle, with the greatest power. 

It ascends from the Earth to the heaven and becomes ruler over that 


which is above and that which is below.'^ 


We can see how readers convinced of the antiquity and importance 
of this text could have spent many sleepless nights striving to discern its 
meaning. The relationship between the celestial world (the macrocosm, 
"that which is above") and the terrestrial world (the microcosm, "that 
which is below") seems to be clear enough. There also seems to be a ref- 
erence to monism ("all things were from one"), akin to the meaning of 
the ouroboros. But what is the “it” whose "father is the Sun"? Generations 
of alchemists believed that “it” was the Philosophers Stone, the agent 
of metallic transmutation, and thus that the Tablet contained secret in- 
formation about how to prepare that precious substance. But what are 
the Sun and Moon? Dry and wet principles perhaps? Gold and silver? 
Where is the Earth's belly? How and with what subtle thing are we sup- 
posed to feed the Earth? It is far from clear that the unspecified "it" has 
any relation to the stone or to practical alchemy at all. The mysteries of 
the Emerald Tablet—both its origins and its meaning—are not likely to be 
resolved anytime soon. 

There is a curious anecdote dating from the tenth century about early 
Arabic interest in alchemy. The historian Ibn al-Faqih al-Hamadhani de- 
scribes a visit made by 'Umara ibn-Hamza, the ambassador from Caliph 
al-Mansur, to the Byzantine emperor (probably Constantine V) some- 
time between 754 and 775. According to this account, the emperor 
showed 'Umara several impressive wonders of Constantinople, including 
storehouses filled with bags of white and red powders. In the sight of the 
Muslim ambassador, the emperor ordered a pound of lead to be melted, 
and threw a small amount of the white powder into the crucible. The 
lead was immediately turned into silver. Then a pound of copper was 
melted, and upon adding a pinch of the red powder it was transmuted 
into gold. ‘Umara reported this wondrous feat to al-Mansur, who then 
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suddenly developed an interest in alchemy and ordered Greek works 
about it translated into Arabic. Whether this is a faithful account of 
what 'Umara reported or a later rewriting of events, at least the timing is 
right. For it was in fact under al-Mansir, the clever founder of Baghdad 
(reigned 754-75), that the translation movement of scientific and medi- 
cal works into Arabic began in earnest. This anecdote is of special impor- 
tance, because it is an early account of two transmuting agents, a white 
one for making silver and a red one for making gold. These two forms 
of the Philosophers’ Stone would become standard parts of transmuta- 
tional alchemy. 


‚Fabir and the Fabirian Corpus 


The obscurity that clouds our understanding of the early transmission of 
alchemy to the Muslim world does not last long; it is replaced by confu- 
sion. For now we come to a person who played as large a role in Arabic 
alchemy as Zosimos did in the Greco-Egyptian—one Jabir ibn-Hayyan. 
Or, to speak more accurately, several Jabir ibn-Hayyäns. Or perhaps 
none at all. A persistent problem facing historians of alchemy is figur- 
ing out if an author really is who he says he is, and if he lived when and 
where he claims. Anonymity, pseudonymity, secrecy, mysteries, false 
trails, and subterfuge fill the entire subject from beginning to end. In the 
case of Jabir, disagreements about both author and his writings began 
shortly after his reputed lifetime and continue to the present day. As in 
the case of Khalid and Marianos, things in alchemy are often not what 
they seem. 

Traditional biographies record that Abt Misa Jabir ibn-Hayyän was 
born about 720 at Kufa, an ancient town south of Baghdad. In his youth 
he learned alchemy first from Harbi the Himyarite (who died in 786 at 
the advanced age of 463) and then from a Christian monk often iden- 
tified as a disciple of Marianos. (Getting suspicious yet?) Jabir’s most 
important master, however, was a looming figure in Islamic religious his- 
tory: the sixth Shiite Imam, Ja'far al-Sadiq (700-765). Jabir attributes 
his knowledge directly to Jafar, whose closest and most beloved disciple 
he claims to have been. Some sources claim that Jabir himself became an 
imam and/or a Sufi. After Ja'far's death, Jabir went to Baghdad and be- 
came close to the rich and powerful Barmaki family, who introduced him 
to the court of Caliph Harün al-Rashid (of A Thousand and One Nights 
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fame, and who reigned 786-809), for whom Jabir wrote an alchemical 
volume. Jabir’s date of death is variously given as 808, 812, or 815. 

Doubts about this account were already circulating in the tenth cen- 
tury. The Baghdadi bookseller Ibn al-Nadim reports that “many scholars 
and elders among the booksellers have affirmed that this man, Jabir, did 
not exist at all.”'” But al-Nadim rejects this claim on the grounds that 
no one would write so many books—he lists about three thousand—and 
put anothers name on them. (Authoring three thousand books is not 
as absurd as it sounds, since these “books” [kutub] were akin to chapters 
or short essays of a few pages, not whole volumes.) Other Arab writ- 
ers voiced doubts; the fourteenth-century literary historian Jamal al-Din 
Ibn Nubäta al-Misri asserts that the consensus in his day was that Jabir 
was a pseudonym used by several different authors. 

Arguments about Jabir raged anew in the early twentieth century as 
historians of science were rediscovering Arabic alchemy. But it was Paul 
Kraus, a scholar of immense erudition and linguistic prowess, who wrote 
the decisive work about Jabir.'® Kraus concluded that the traditional bi- 
ographies placed Jabir more than a century too early. As evidence, he 
noted that certain Greek sources to which Jabir refers were not available 
in Arabic in the eighth century, and that some of Jabir’s basic ideas come 
from that crucial encyclopedic work the Book of tbe Secret of Creation, 
which was composed between 813 and 833, after the dates usually given 
for Jabir’s death. Moreover, the bulk of Jabir's writings show the influ- 
ence of a Shi'ite movement dating to the end of the 800s. 

Kraus also argued that many authors were responsible for Jabir’s three 
thousand books, and that these had been composed over the course of a 
century. The earliest, Tbe Book of Mercy (Kitab al-rabma), was written in 
the mid-ninth century. This book, he postulated, excited interest among 
Shi'ite alchemists, who either wrote companion pieces for it or interpo- 
lated their own ideas into other preexisting texts to produce new "Jabir" 
writings around the end of the ninth century. This group also invented 
a connection for Jabir to their own historical master, Shiite Imam Ja'far 
al-Sadiq (who does not appear in the earlier Book of Mercy).? Further 
works were added to Jabir’s name until the second half of the tenth cen- 
tury. Thus, the Jabirian corpus represents the evolving production of 
a "school" of alchemists.” There might have been an actual Jabir ibn- 
Hayyan somewhere in all of this, but not one with the biography or bib- 
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liography claimed for him. Therefore, when I write “Jäbir,” it is hereafter 
shorthand for “the authors of the writings under the name Jabir.” 


The Mercury-Sulfur Theory of the Metals 


Jabir’s writings contain practical information about processes, materials, 
and apparatus, along with a wealth of theoretical frameworks. The most 
enduring contribution connected with him is the Mercury-Sulfur theory 
of the metals. Presented in the Book of Clarification (Kitab al-idab), this 
theory has a long history before Jabir. It derives ultimately from Aristotle 
(384-322 BC), who postulated the existence of two “exhalations” that 
emanate from the center of the earth; one is dry and smoky, the other 
wet and steamy.”' Underground, these exhalations condense and pro- 
duce stones and minerals. Jabir’s immediate source is not Aristotle, how- 
ever, but rather that crucial early ninth-century work, the Book of the 
Secret of Creation by Balinüs.”” Zosimos's interest in sulfur vapor and his 
notion that mercury is the common “body” of metals may also play an 
intermediary role between Aristotle and Balinis. 

The Mercury-Sulfur theory in Balinüs, as recapitulated in Jabir, states 
simply that all metals are compounds of two principles called Mercury 
(akin to Aristotle’s moist exhalation) and Sulfur (akin to the smoky ex- 
halation). These two principles, condensed underground, combine in 
different proportions and degrees of purity to produce the various met- 
als. As Jabir writes, 


The metals are all of the substance of quicksilver coagulated with the 
mineral sulphur that rises into it in a smoky exhalation of the earth. They 
differ only in their accidental qualities which depend upon the different 
forms of sulphur which enter into their composition. For their part, these 
sulphurs depend upon the different earths and their exposure to the heat 
of the sun. The most subtle, pure, and balanced sulphur is the sulphur of 
gold. This sulphur coagulates quicksilver with itself in a complete and bal- 
anced manner. On account of this balance, gold withstands fire, remaining 


unchanged in it 


Thus, gold results from the perfect combination of the finest Sulfur 
and Mercury in exact proportions. But when the Mercury or Sulfur is 
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impure, or the two are mixed in the wrong ratio, baser metals are pro- 
duced. This theory provides the theoretical foundation for transmuta- 
tion. If all metals share the same two ingredients and differ only in the 
relative proportions and qualities of those ingredients, then purifying 
the Mercury and Sulfur in lead and adjusting their ratio should produce 
gold. 

Two points need to be stressed about the Mercury-Sulfur theory of 
the metals. First, until the eighteenth century, only seven metals were 
recognized. Two were considered noble (gold and silver), and five were 
considered base (copper, iron, tin, lead, and mercury).’* The distinction 
between “noble” and “base” depended not only upon the relative mon- 
etary value of the metals but also upon their intrinsic beauty and their 
ability to resist corrosion. Second, the metallic principles Mercury and 
Sulfur were not necessarily identical with the common substances called 
by those names. These names were attached to the condensed exhala- 
tions by analogy with the properties of the common substances. Arabic 
alchemists knew very well that when they combined common mercury 
and sulfur in their workshops, they obtained cinnabar (mercuric sul- 
fide), not a metal. The Jabirian corpus even gives a clear recipe for mak- 
ing cinnabar by dripping mercury into molten sulfur.” 

The Mercury-Sulfur theory proved astonishingly long-lived. It was ac- 
cepted (in various forms and to various degrees) by most chemical work- 
ers until the eighteenth century, almost a thousand years after it was first 
proposed. This longevity reflects both its conceptual utility and the fact 
that observable phenomena seem to support it. Some metals, such as 
iron and copper, burn vividly when finely powdered and dropped into a 
fire, and in doing so often emit a sulfurous smell. This simple observation 
supports the idea that they contain some kind of a flammable, sulfur-like 
substance. Tin and lead melt extremely easily, and when melted are visu- 
ally indistinguishable from common mercury, thus suggesting that they 
contain a great deal of some sort of a liquid ingredient similar to mer- 
cury. A smaller proportion of this liquid ingredient could explain why 
iron and copper are so hard to liquefy—they are too “dry.” Likewise, tin 
and lead are soft and pliable, while copper and iron are hard and brittle, 
as if the former had too much liquid in their composition, and the latter 
too little (think about, for example, potter's clay mixed with too much 
or too little water). Finally, the rusting or corrosion of base metals im- 


DEVELOPMENT S 


plied that they were “falling apart,” decomposing because their ingredi- 
ents were poorly or weakly combined, unlike the stronger, more stable 
composition of the noble metals gold and silver. 


Jabir's Transmuting Elixirs: Aristotelian Qualities, Galenic Degrees, 
and Pythagorean Numbers 


If transmutation requires just a simple adjustment of proportions, how 
would this process be carried out in practice? Jabir’s practical guidelines 
start by drawing upon two concepts from Greek natural philosophy. The 
first is Aristotle’s notion of the four primary qualities and their relation 
to the four elements. Aristotle stated that the most fundamental (hence 
“primary”) qualities of any thing are hot, cold, wet, and dry. When pairs 
of these qualities are joined to matter, the four elements—fire, air, water, 
and earth—result.*® The combination of hot and dry produces fire, cold- 
wet gives water, cold-dry produces earth, and hot-wet yields air (see 
fig. 2.1). Aristotle thought of these four elements as abstract principles 
of compound bodies, not actual substances that could be put into a jar 
and labeled. Jabir, however, was more a chemist than Aristotle; in the 
Jabirian corpus, these elements have concrete existence as isolable, phys- 
ical substances. 

When almost any organic substance—for example, wood, flesh, hair, 
leaves, eggs—is gradually heated, various materials are driven off sequen- 
tially by the heat, leaving behind a solid residue. Jabir interprets this 
practical experiment as the separation of a compound substance into its 
component elements. The “fire” distills off as a flammable and/or colored 
substance, the “air” as an oily one, and the “water” as a watery one; the 
“earth” remains behind as the residue. Once these elements are separated 
by distillation, Jabir wants to break them down further by removing one 
of their two qualities. According to Aristotle, water is the combination 
of the two qualities wet and cold with matter, so Jabir orders his readers 
to distill the separated water repeatedly from something with the qual- 
ity of “dry’—he suggests sulfur. By repeated distillation, the dryness of 
the sulfur destroys the wetness of the water, so the alchemist is left with 
something simpler than an Aristotelian element: matter endowed with 
coldness alone. Naturally, the water’s manifest properties change as its 
wetness is removed, and Jabir claims that after repeated treatment the 


38 CHAPTER TWO 


Blood Yellow bile 
Sanguine Choleric 
Hear AIR FIRE Spleen 
Spring Summer 


Phlegm Black bile 
Phlegmatic Melancholy 
Brain WATER EARTH 17 
Winter Autumn 


Figure 2.1. A schematic diagram showing the origin of the four elements from 
the four primary Aristotelian qualities, and the relation of the four humors, 


complexions, organs, and seasons to the four elements. 


water turns into a glistening white solid similar to salt. Each element is 
to be treated chemically to produce four substances, each one of them 
bearing just one of the primary Aristotelian qualities. 

Once the four single-quality substances are isolated, they can be 
combined into a transmuting agent. To guide his practice, Jabir now 
borrows a concept derived ultimately from Greek medicine, but prob- 
ably transmitted in more developed form through Arabic physicians. 
The physician Galen of Pergamon (AD 129-99) organized Hippocratic 
medicine using a system parallel to Aristotle's qualities and elements. 
In analogy with the four elements fire, air, earth, and water, the human 
body contains four humors: blood, phlegm, black bile, and yellow bile. 
These bodily humors were, like the elements, linked to Aristotelian pri- 
mary qualities: phlegm is cold and wet, black bile is cold and dry, and 
so forth (fig. 2.1). When the four humors are in proper balance, or "tem- 
perament, the body is healthy. But the quantity of each humor varies 
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depending on diet, activity, location, season, and other factors; when 
they fall out of balance, illness results. Consequently, the physician must 
determine the imbalance and supply a treatment that counteracts it.” 
A patient experiencing congested sinuses, runny nose, and depressed 
activity clearly suffers from an excess of phlegm, an illness that we com- 
monly call—preserving to this day the doctrine of humors and quali- 
ties—a “cold,” which many (unconsciously Galenic) mothers still believe 
is caused simply by exposure to cold and wet, rather than by a microor- 
ganism. A cure requires either stimulating the body to restore balance on 
its own, or applying contraries, that is, hot and dry medicines to restore 
the humoral balance. 

Jabir's transmutational system works in just the same way. He teaches 
that each metal is composed of a precise mathematical ratio of the quali- 
ties. Hot and wet predominate in gold, for example, while in lead, cold 
and dry predominate. Turning lead into gold therefore involves intro- 
ducing more hot and wet or reducing the cold and dry.” Thus, Jabir 
devises a practical method for getting down to work. After successfully 
isolating hot and wet, the alchemist can combine them into a substance 
that when added to lead should adjust its proportion of qualities to the 
ratio found in gold, thereby transforming it into the precious metal. 

Jabir's terminology for his transmuting agents underscores the link 
to medicine. Greco-Egyptian alchemists had used the word xerion to de- 
scribe the agent of transmutation, a word that originally referred to a 
type of medicinal powder used for curing wounds. Jabir uses the same 
medicinal term, but transliterated into Arabic as al-iksir. (To convert 
xerion into Arabic, remove the Greek grammatical ending -ion, and add 
the Arabic definite article al- and then an to aid pronunciation.) This 
Arabic word for the alchemical transmuting agent has come down to 
us as elixir, a term still used for substances, especially medicines, with 
marvelous effects. Jabir's elixirs "heal" the metals by adjusting their 
ratio of qualities, just as a medicine heals the sick by adjusting their ratio 
of humors. Consequently for Jabir, each metal requires a specific elixir, 
just as each patient requires a specific medicine. Each elixir is composed 
of mathematically precise amounts of the isolated qualities that, when 
added to those already present in a particular metal, sum up to the per- 
fect ratio needed for gold. Simple, logical, and elegant! 

Jabir’s theory of elixirs is novel and original. Because his elixirs are sim- 
ply combinations of the four qualities in the right proportions, they can 
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be prepared from virtually anything, because hot, cold, wet, and dry exist 
in all material substances. This idea stands in stark contrast to the Greek 
authors who claim that the greatest secret in alchemy is discovering the 
correct substance from which the transmuting agent is to be made, and 
who generally stipulate that it is something in the mineral realm. The 
earliest Jabirian text, the Book of Mercy, agrees with the Greek authors, 
but the later Seventy Books prefers to start with animal substances. This 
change of heart may have stemmed from frustrations in practice: it is 
easy to decompose animal and vegetable substances by distillation, but 
difficult or impossible to do so with most mineral substances. Despite 
the theoretical complexity of the Jabirian texts, and how alien their no- 
tions sound in terms of modern chemistry, it is crucial to remember that 
their authors and readers were actively engaged in practical experimen- 
tation. They had extensive experience with a wide range of substances. 
They watched how these substances reacted to heating and with one 
another. Accordingly, the Jabirian corpus is full of preparative processes 
and descriptions of operations and reactions of various kinds.*° 

The Jabirian texts describe three levels of elixirs, distinguished by 
how well the alchemist has purified the qualities (or “natures,” as Jabir 
calls them) that go into their composition. The purer the qualities, the 
more powerful the elixir. Lazier alchemists could content themselves 
with fewer distillations and make elixirs of the first two levels, each of 
which would work moderately and on only a single metal. The master 
alchemist, however, would not stop until he had purified the qualities 
to the utmost degree, because the proper combination of those ultra- 
pure qualities would produce al-iksir al-a'zam, the Greatest Elixir, the 
Philosophers’ Stone itself, able to convert any metal into gold.*! 

These ideas all appear in the Seventy Books, an early contribution to the 
Jabirian corpus, dating to the late 800s. As the corpus developed—that 
is, as other Shiite alchemists joined the project and contributed their 
own ideas and experiences to it—a new level of complexity emerged. 
Some readers might already be asking the questions that a later Jabirian 
alchemist must have asked: If we must add to the qualities present in a 
base metal, don't we first need to know exactly how much of each is pres- 
ent? How do we know how much hot, cold, wet, and dry exist in lead, so 
that we can know how much more or less is needed to turn it into gold? 
Today we would think automatically of some empirical method of analy- 
sis involving separation and weighing, and so apparently did the earlier 
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author(s) in the Jabirian corpus. But by the middle ofthe tenth century, 
Jabirian authors had begun to think differently about the problem. The 
starting point continued to be Galenic medical ideas, but the suggested 
methods for putting them into practice veered off into other—perhaps 
surprising—areas. 

One of Galen’s contributions to medicine relates to this very prob- 
lem of measurement. He introduced a semiquantitative scale to quan- 
tify how far off-balance a sick patient’s humors were. He subdivided the 
qualities (hot, cold, wet, dry) into four degrees of intensity, and then 
classified drugs and illnesses into those degrees. Galen’s idea relates to 
questions of dosage. After all, if a patient was only mildly “cold” (that is, 
in the first degree), the application of a medicine intensely hot (in the 
fourth degree) would be dangerous rather than helpful, because it could 
throw off the balance even further in the opposite direction. The illness 
and the medicine used to treat it had to be balanced. 

Jabir's Books of the Balance (Kutub al-Mawazin) apply a modified ver- 
sion of this system to transmutation. Exactly how much more intense is 
Galen’s second degree than the first? Jabir asserts that the relationship 
between the four degrees is as 1:3:5:8; that is, the second degree is three 
times more intense than the first, the third five times, and the fourth 
eight times. Then he subdivides each of these four degrees into seven 
grades, giving a total of twenty-eight levels of intensity for each quality. 
Next, to ascertain exactly how hot, cold, wet, and dry a particular sub- 
stance is, he takes a surprising turn, not into quantitative analysis but 
into Pythagorean number symbolism. 

Jabir makes a chart with the four qualities arranged at the top of four 
columns, and the seven grades of intensity arranged in seven rows, giv- 
ing a table with twenty-eight boxes. He fills the boxes with the twenty- 
eight letters of the Arabic alphabet, one in each box, thus assigning a 
quality and a grade to each letter. Then he takes the name of a substance, 
say, usrub (lead), which in Arabic is written with four letters (Calif, sin, 
ra’, and ba’), and analyzes it using the table. The table assigns ‘alif to hot 
in the highest grade, and since it is the first letter of the word, it is classed 
as first degree. Thus, we discover that lead is hot in the highest grade of 
the first degree. The chart assigns the letter sin to dry in the fourth grade, 
and because it is the second letter in usrub, lead must be dry in the fourth 
grade of the second degree. And so on for the rest of the word. Once this 
alphabetic analysis is done, another table converts degrees and grades 
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into actual weigbts, allowing the relative weight of each quality present 
in lead, or any other substance, to be ascertained. Thereafter one can cal- 
culate exactly what weight of each quality needs to be added to a given 
weight of lead in order to bring its composition to the proportions found 
in gold. 

Modern readers should not feel disappointed by what seems to be an 
arbitrary system rather than something “scientific” in the modern sense. 
Instead, it provides the opportunity for reflecting on a crucial point for 
the history of science. People today and people of the past often do not 
share the same vision or expectations of the world, nor do they necessar- 
ily approach the world in the same way. Their questions were not our 
questions, nor were their ways of answering them necessarily our ways. 
What seems arbitrary to one expresses a profound law of nature to the 
other; what seems an insight into the design of the cosmos to one ap- 
pears as mere trivia to the other. Recognizing these differences helps us 
avoid the error of projecting our own knowledge and expectations onto 
the past as measures of its value. 

For Jabir, his alphabetical system is ot arbitrary; it incorporates eter- 
nal verities about the way the world is. Consider first the ratio he gives 
for the four Galenic degrees of intensity, 1:3:5:8. Where does it come 
from? The four numbers add up to seventeen. For Jabir, seventeen is the 
fundamental number for the world—his equivalent, if you will, of what 
the speed of light or Planck’s constant means for us. He did not pick 
this number out of a hat. This number recurs throughout the ancient 
Mediterranean world, beginning with the Pythagoreans, a secretive 
group founded in the sixth century BC, for whom mathematics was key 
not only to the material world but to philosophy, religion, and life. Their 
central dictum that “the world is number” proved enormously influen- 
tial in various ways, even to the present day. Numbers form the basis of 
what is, and numbers have meaning in themselves, detached from what 
they acquire by being used to count or measure something. Accordingly, 
the Pythagoreans sought meaning—both physical and especially meta- 
physical—in numbers and mathematical relationships.** According to 
Pythagorean principles, seventeen is the sum of two important numbers, 
seven (which expresses divinity) and ten (which expresses completion). 
It is also the seventh prime number, the sum of the 9:8 ratio that describes 
the relationship of adjacent notes in the musical scale, and (nearly) the 
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length of the hypotenuse of a right isosceles triangle of height twelve. 
The number makes an indirect appearance even in the gospels. When the 
resurrected Christ tells the apostles to cast their nets into the sea, they 
catch 153 fish, which is the “triangular number” of 17, that is, the sum of 
the first seventeen integers.? (It makes me wish the ancients had known 
about the North American cicadas that make their noisy appearance by 
the billions once every seventeen years.) Seventeen is also the number of 
consonants in the Greek alphabet, and in some Neoplatonic systems the 
vowels represent the immaterial and the consonants the material. With 
this background in mind, we can see how Jäbir viewed seventeen as a 
fundamental number for all material substances. 

Just as numbers held for premoderns a meaning and significance well 
beyond their use as quantities, so also did words represent much more 
than conveniences for human communication. It was not arbitrary or 
naive for Jabir to analyze the Arabic names of substances in order to learn 
something about the substances themselves. Muslims believe that the 
Quran was dictated to Muhammad—in contrast to orthodox Christians, 
for whom the holy scriptures were inspired by God but expressed in 
words chosen by the sacred writers. God’s use of Arabic (transmitted 
by the archangel Gabriel) means that Arabic is a divine language. As 
such, Arabic words are not arbitrary signifiers of things. They are instead 
God’s names for the things He created, and therefore carry profound 
meaning and true links to the objects they name. Analyzing the name 
of a thing can thus reveal something about the thing itself. The same 
thinking forms the basis of that branch of Jewish Kabbalah known as 
gematria, and its Christian versions that were explored in the Middle 
Ages and Renaissance. 

Once this difference of worldview is understood, we could even argue 
that Jabir's underlying aspirations are actually quite similar to our own. 
His fundamental goal was to classify and quantify natural substances 
mathematically so that practitioners could work with them in precise, 
quantitative ways. Seen from this perspective and in context, the system 
is actually an advanced attempt to standardize and understand mathe- 
matically what he saw as the intrinsic qualities of substances. Jàbir sought 
to grasp, unify, and work with the underlying rules and phenomena hid- 
den behind what is visible in the natural world, a fundamental feature of 
virtually all scientific fields today. Moreover, the successive elaborations 
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of the “Jabirian” method might well have resulted from failed empirical 
attempts to get earlier theoretical conceptions to translate successfully 
into practice. 

This final version of Jabirian alchemical theory was not taken up by 
later alchemists. It was perhaps too complex, and it did not translate out 
of Arabic. The simpler Mercury-Sulfur theory was, however, widely ad- 
opted, and the Latin West learned about it from Jabir, from later Arabic 
authors who followed him, and even directly from the Book of the Secret 
of Creation. If it seems that the Mercury-Sulfur theory and the four- 
element theory of composition exist in an uneasy or unclear relation- 
ship to each other, this is in part due to the evolution of ideas within the 
Jabirian corpus. Still, it might be proposed (as some alchemists in fact 
did) that Mercury is the carrier of cold and wet qualities, while Sulfur 
carries hot and dry, or that the elements combine to produce Sulfur and 
Mercury, and these go on in turn to produce the metals. 


Alchemical Secrecy and Literary Style 


The Jabirian corpus also carries stylistic features that left their mark 
on subsequent alchemical writers. The first of these is the dispersion of 
knowledge (tabdid al-‘ilm), a method ostensibly for helping to preserve 
secrecy. Jabir states that “my method is to present knowledge by cutting 
it up and dispersing it into many places.”** The idea is that the entirety of 
Jabir's teaching cannot be found altogether in one place; instead, he dis- 
tributes a single idea or process piecemeal through one or several books. 
This technique partly fulfills the charge given to Jabir by his supposed 
master, Ja far: “O Jabir, reveal the knowledge as you desire, but such that 
none have access to it but those who are truly worthy of it.” Kraus sug- 
gested that the practical reason for this dispersion was to hide the mul- 
tiple authorship of the Jabirian corpus, allowing later authors to claim 
that earlier texts were "incomplete," thereby making room for new ad- 
ditions to the corpus, binding its various layers together as a whole, and 
explaining away contradictions between books.” Whatever the original 
cause, this method would be imitated in many later alchemical texts, and 
accordingly, Latin alchemists often quoted the motto Liber librum aperit, 
that is, "One book opens another." 

The Jabirian corpus shows an increased level of secrecy over earlier 
texts, but there is little use of Decknamen (although these are common 
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in other Arabic alchemical texts) or the kind of enigmatic allegory de- 
ployed by Zosimos.” Yet the Jäbirian writers are clearly aware of these 
techniques. Indeed, Jäbir exclaims with his characteristic humility, “I 
have revealed the whole ofthe science without using enigmas in the least 
letter; the only enigma consists in the dispersion of knowledge. By God, 
no one in the world is more generous nor has more mercy on the world 
and its inhabitants than I!” The reader may be excused for thinking this 
statement rather disingenuous. 

Another stylistic feature that became characteristic of alchemical writ- 
ing is an "initiatic style.” That is, the author writes in a self-consciously 
grand manner, speaking as the master of a closed circle and addressing 
his readers as postulants. This initiatic style is evident in portions of the 
Jabirian corpus where it arises partly from casting the works as teachings 
of Imam Jafar, and partly—like the enhanced secrecy—from characteris- 
tics of contemporaneous Isma'ili groups. These groups adapted a secre- 
tive, initiatic nature from the Neoplatonic philosophies they followed 
and adopted it as expedient policy, since the more "ultra-Shi'ite" factions 
were considered religiously unorthodox from the point of view of ma- 
jority Islam. Yet influences local to the religious and political context 
in which the Jabirian corpus was written were propagated throughout 
the rest of alchemy as later writers strove to imitate Jabirian writings. 
Indeed, Robert Boyle (1627-1691), exasperated at trying to decipher 
later alchemical texts, would burst out, “These writers, after they have 
frequently called their reader their son and made solemn professions. . . 
that they will disclose to him their secrets . . . put him off with riddles 
instead of instructions." ^? 


The Turba and al-Razi’s Secret of Secrets 


Around the year 900, another alchemical classic first appeared, known 
generally by its Latin title Turba philosopborum (The Throng of Pbi- 
losopbers). The work is cast as a meeting of Greek philosophers. Nine 
pre-Socratics are named, such as Empedocles, Anaxagoras, Leucippus, 
and others, and Pythagoras presides over the assembly. Together these 
characters debate the composition of matter and cosmology, each pro- 
viding a version of the ideas (sometimes rightly, sometimes wrongly) at- 
tributed to their pre-Socratic namesakes. The anonymous Arabic author 
seems to have drawn upon an early third-century book against heresies 
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by the church father Hippolytus, and upon the writings of Olympiodorus 
that compare earlier Greek philosophers with later Greco-Egyptian al- 
chemists, but all this Greek material is translated into an Islamic context. 
Much of the point of the Turba is to demonstrate that the God of Islam 
is the Creator, that the world is of a uniform nature (monism again), 
and that all creatures are composed of the four elements.*! Clearly, this 
work is of a very different nature from the Jabirian corpus—it contains 
no practical instructions and nothing explicitly about chrysopoeia. 
Nevertheless, many later alchemists esteemed it for its discussion of the 
nature of matter, a topic obviously of central importance to alchemy. 
The Turba also further indicates the important role of Greek philosophi- 
cal ideas, and their continued development, within the Islamic world. 

Abū Bakr Muhammed ibn-Zakariyya’ al-Räzi (circa 865-923/4), often 
known in the Latin world as Rhazes, exemplifies a very different sort of 
Arabic alchemist. He was born in the city of Rayy in Persia, and became 
one of most famous physicians and alchemical writers in the Islamic 
world. His works remained authoritative texts in Europe until the 1600s. 
It is recorded that al-Ràzi wrote at least twenty-one books about al- 
chemy.* He rejected Jabir's theory of balance, but adopted the Mercury- 
Sulfur theory of the metals, and added to it the notion that sometimes a 
salt is contained in the metals as well. His best-known work, the Book of 
Secrets (Kitab al-asrar), also called the Book of the Secret of Secrets (Kitab 
sirr al-asrär), was written for one of his students.** Often reading almost 
like a laboratory manual, it begins with a systematic classification of 
naturally occurring substances—volatile substances ("spirits"), metals, 
stones, vitriols, borax, and salts—and the different varieties of each. Al- 
Razi carefully describes how to recognize and purify each of them, and 
continues with descriptions of the apparatus and furnaces needed for 
various operations. Techniques such as distillation and sublimation are 
described next. Dozens of recipes then follow for a wide variety of prod- 
ucts. The careful detail with which they are given indicates that they 
are the product of considerable practical experience. The richness of al- 
Razi’s inventory of substances and apparatus reveals how substantially 
Arabic alchemists had expanded the material and technical content of 
alchemy beyond what earlier Greek writers had known. 

Al-Razi was also clearly interested in transmutational endeavors— 
many of the recipes in the Book of Secrets yield products supposedly lead- 
ing to transmutations of one sort or another. Moreover, he added a new 
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dimension to alchemy’s goals, namely, the turning of stones, rock crystal, 
and even glass into precious stones. These transformations, like those 
of the metals, were to be carried out by means of specially prepared 
elixirs. The Book of Secrets ends with recipes for a variety of elixirs made 
from mineral and organic substances such as eggs and hair. Yet much of 
the content of the book does not relate immediately to transmutation. 
Alchemy (or, for al-Räzi, al-kimiya’) covers much more than just chryso- 
poeia. The restriction of the word alchemy to the context of making gold 
is a development dating many centuries after al-Razi’s time. In fact, that 
narrow definition which now seems so natural did not emerge until the 
end of the seventeenth century. Before that time, alchemy referred to all 
the processes and concepts we might today consider broadly “chemi- 
cal.” In other words, al-Razi’s classification system of substances is most 
certainly a central part of the history of alchemy, even when it does not 
relate to transmutation. 


Ibn-Sinà and tbe Critics of Transmutation 


As alchemy expanded and developed during the Arabic period, so did 
reactions against it in the form of criticism, skepticism, and the denial 
of alchemical claims. If such anti-alchemical literature existed in the 
Greco-Egyptian period, it no longer survives.* But in the Arabic world, 
dissent became common. Al-Kindi (died 870), a prolific writer deeply 
interested in Greek philosophy and scientific thought, wrote a short 
treatise against the reality of chrysopoeia, although it is now lost.*^ Al- 
Räzi, on the other hand, came to transmutation's defense and wrote his 
own tract—also now lost—refuting al-Kindi.*° 

The most influential attack on chrysopoeia came from the pen of ibn- 
Sinà (circa 980-1037), generally known as Avicenna in the Latin world. 
Like al-Räzi, ibn-Sinä was a Persian, and wrote medical texts, most no- 
tably his authoritative treatise The Canon (al-Qänün), which became 
a fundamental authority for European medical schools until the sev- 
enteenth century. Yet he also addressed the topic of alchemy. One of 
ibn-Sina's works, the Treatise on tbe Elixir (Risalat al-iksir), claims wide 
familiarity with texts both for and against alchemy (he was impressed by 
neither), and is cautiously positive about chrysopoeia. Yet the attribu- 
tion of the Treatise remains a topic of debate; if it really is ibn-Sina’s, it 
may express early ideas." What is clearer is that his better-known Book 
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of the Remedy (Kitab al-shifa’) comes to a different conclusion. This un- 
questionably authentic work contains a section about minerals where 
ibn-Sina discusses the formation of minerals and metals, adopting the 
Mercury-Sulfur theory that by his time had become standard. But unlike 
al-Razi and other alchemical writers, ibn-Sina then goes on to deny the 
possibility of metallic transmutation: “As to the claims of the alchemists, 
it must be clearly understood that it is not in their power to bring about 
any true change of species.”* The core of ibn-Sina’s rejection involves 
two closely related points: human weakness and human ignorance. For 
the first, he states that the power of human industry is simply weaker 
than nature: "Alchemy falls short of nature . . . and cannot overtake 
her.”*° Or, as he states in another book, “Whatever God created through 
natural powers cannot be imitated artificially; human industry is not the 
same as what nature does.” 

Ibn-Sina believes that artificially prepared things can never be identi- 
cal to natural ones, whether we are talking about gold, gems, or anything 
else. Thus, he would agree with those people today who (incorrectly) 
believe that the vitamin C in an orange is somehow different from that 
whichis produced chemically for vitamin supplements. Regarding human 
ignorance, ibn-Sina claims that what we sense and identify as the differ- 
ences between metals—that is, what alchemists endeavor to alter—are 
not their true, essential differences, merely superficial ones. The true dif- 
ferences are unknown to us, hidden within the very essences of things. If 
we do not know what those true differences are, we cannot produce or 
change them correctly. Therefore, given this combination of weakness 
and ignorance, alchemists attempting to transmute metals “can make 
excellent imitations . . . yet in these [imitations] the essential nature re- 
mains unchanged; they are merely so dominated by induced qualities 
that errors may be made concerning them.”*' In other words, alchemical 
gold might very well look like gold, have all the apparent characteristics 
of gold, and convince at least some people that it is indeed gold, but it is 
not really true gold. 

Ibn-Sina’s denial of the possibility of true transmutation turned out to 
be extremely influential, for this section of his Book of the Remedy would 
later be translated into Latin and widely circulated in Europe, often 
under the weighty name of Aristotle himself (see chapter 3). But while 
ibn-Sinä’s critique provided ammunition for those who sought to dis- 
credit alchemy, it did little to dampen the interest of those who pursued 
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it. Several later Islamic alchemists wrote refutations of ibn-Sina—most 
notably al-Tughrä’i in the early twelfth century.’ There are two impor- 
tant points to stress. First, after their emergence in the Arabic world, 
critical views of alchemy never vanished; alchemy would remain for- 
ever after a controversial subject, with parties vigorously arguing for or 
against it down through the centuries. Second, while ibn-Sinä’s critique 
is based on philosophical principles—influenced in part by Aristotelian 
thinking—his concession that alchemists can make something that looks 
so much like gold that it can fool people leads naturally to another sort 
of criticism: the connection of transmutation to intentional fraud. 

Tales of the charlatan alchemist are not uncommon in the Arabic 
world, though the earlier Greek world shows almost no sign of such 
stories.” Al-Kindi's lost anti-chrysopoetic treatise reportedly cataloged 
tricks used by such charlatans to deceive the unwary. But ‘Abd al-Rahman 
al-Jawbari provides a longer inventory of shady alchemical dealings. 
Around the year 1220, al-Jawbari wrote a book called The Revelation 
of Secrets that details a variety of cheats and swindles. He recounts the 
sleights of hand used by false alchemists to dupe the unwary—gold hid- 
den inside charcoals, under the false bottom ofa crucible, or within metal 
implements that is made to appear at the right moment as if produced 
by transmutation. Curiously, alchemists would be accused of many of 
the very same tricks into the eighteenth century. Among his many anec- 
dotes, al-Jawbari includes one about a man who asks a goldsmith to sell 
ingots of silver for him, and then befriends the goldsmith with his gener- 
osity. When the man’s evident wealth disappears, the goldsmith asks the 
cause, and learns his new friend is an alchemist who has run out of the 
transmuting elixir, and now—through various misfortunes—has neither 
place nor resources to produce more. The goldsmith (of course) invites 
him into his house and provides him with the necessary equipment and 
materials, including a substantial amount of gold and silver. The alche- 
mist sets to work making a fresh batch of elixir with the promise to share 
it. Needing a particular mineral to complete his work, the alchemist 
sends the goldsmith off to collect it. When the goldsmith returns home, 
the “alchemist” is gone, along with the gold and silver.” 

Al-Jawbari’s purpose was to entertain the reader with amusing tales 
of the cleverness of con men and the gullibility of their victims. The 
proportion of fact to fiction in these anecdotes is impossible to as- 
sess, and so it remains unclear whether such traveling impostors really 
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existed or if these accounts were simply humorous and plausible fictions. 
Nevertheless, such stories provide a tantalizing look at one role the fig- 
ure of the alchemist played in Islamic popular culture. Unfortunately, we 
have precious few surviving sources—or at least few that are currently 
known and available—that can tell us much more about this important 
point in the history of alchemy. We will have to wait until we reach early 
modern Europe—where sources are more plentiful—to explore that par- 
ticular topic. 

Another insight into the actual lives of alchemists in the Islamic world 
occurs much later, in a sixteenth-century work by Leo Africanus, a freed 
slave and Christian convert sent by Pope Leo X to compile a descriptive 
account of Northern Africa. Leo gives a highly unflattering account of 
the many alchemists who inhabited the Moroccan city of Fez. They stink 
of sulfur, and assemble nightly at the chief mosque to debate their pro- 
cesses. Some among them seek the elixir using the works of Jabir, while 
others seek ways to extend precious metals. “But their chiefest drift is to 
coin counterfeit money, for which cause you shall see most of them in 
Fez with their hands cut off.” (Leo does not explain exactly how they 
could persist in practicing alchemy without hands.) Charges of forgery 
and counterfeiting would continue to vex alchemists in both Muslim 
and Christian worlds. 

Alchemy continued to flourish in the Arabic world long after al-Razi 
and ibn-Sinä.° The historian of alchemy E. J. Holmyard was taken to 
see a working subterranean alchemical laboratory outside Fez in the 
1950s." (Such places continue to exist in Europe and North America 
as well.) Moreover, I have heard anecdotally from colleagues of their 
meeting Muslim alchemists still at work on transmutation even today 
in Egypt and Iran. But having now sampled the theoretical and material 
sophistication that alchemy acquired in the Islamic world, it is time to 
move on to alchemy’s third cultural context. By the twelfth century, the 
Dar al-Islam, or Abode of Islam, shared borders with another civiliza- 
tion in three places—Palestine, Sicily, and Spain—and that other culture, 
Western Christianity, had begun a process of vigorous growth and re- 
newal. Latin Europe was ready to discover, within the vast intellectual 
wealth of Islam, the golden promises of al-kimiya’. 


THREE « 


DIA TWRITY 


Medieval Latin Alchemia 


\ N Thile the origins of Greco-Egyptian chemeia and the beginnings 
of Arabic al-kimiya’ remain cloudy, the entry of alchemy into the 
European Middle Ages is not—or at least seems not to be. Alchemy, we 
are told, arrived in Latin Europe on a Friday, the eleventh of February, 
1144. That was the day that Robert of Chester, an English monk at work 
in Spain, completed his translation from Arabic of a book often given 
the title De compositione alchemiae (On the Composition of Alchemy). In 
his prologue, Robert explains that he chose to translate an alchemical 
text “because our Latin world does not yet know what alchemy is and 
what its composition is." That situation would soon change, for Robert's 
Latin world quickly got to know alchemy very well. Transplanted into 
its third cultural context, alchemy flourished in Europe for nearly six 
hundred years. It deeply tinctured European culture and thought and 
made substantial contributions to the foundations of modern science as 
we know it. 
Robert of Chester's translating work was not done in a vacuum. He 
was living in one of the most intellectually active and exciting periods of 
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European history—an era often called the “Renaissance of the Twelfth 
Century.” All across Europe, new ideas emerged and flourished. The 
building of the great cathedrals in a new architectural style—later to be 
(dismissively) called Gothic—had begun. Reforms in law and advances 
in agriculture joined new styles of literature and music. Under the pro- 
tective aegis of the church, cathedral schools prospered and a new insti- 
tution that would change all of intellectual history began to emerge: the 
university. 

Europe was expanding not only its intellectual and artistic frontiers 
but its geographic ones as well. To the east, west, and south, Christian 
Europe had begun to push back against Muslim advances made over 
three hundred years earlier. Once in closer contact with Islamic civi- 
lization, especially in Spain (where the Iberian Peninsula was divided 
between Christian and Muslim rule), Latin Europeans were awed and 
undoubtedly a little ashamed by what they found. Among their many 
discoveries were libraries holding volume after volume of books by re- 
vered ancients—such as Aristotle, Galen, and Ptolemy—of which they 
had previously possessed only fragments or digests. Upon those ancient 
foundations, Muslim scholars had made their own considerable advances, 
providing Europeans with a wealth of additional knowledge and ideas 
in astronomy, medicine, mathematics, physics, mechanics, botany, engi- 
neering, and fields completely new to Europe—such as al-kimiya’. In the 
twelfth century, Europe not only accepted these new ideas but hungered 
for them. Scholars trekked west across the Pyrenees to Spain, or south to 
Sicily, or (much less frequently) east to the crusaders’ recently founded 
Latin Kingdom of Jerusalem to learn Arabic and to translate, sending 
Arabic knowledge as well as recovered ancient Greek knowledge back 
to the Latin world as fast as they could. Robert of Chester and his com- 
panion Herman of Carinthia (also known as Herman the Dalmatian) 
were among the translators who journeyed to Spain. 

Amusingly enough, it is Morienus the monk who reappears as the flag 
bearer of alchemy's transmission to Latin Europe. Robert's De composi- 
tione alchemiae is a translation of the supposed instructions of Morienus 
(aka Marianos) to Khalid ibn-Yazid for making the Philosophers’ Stone. 
Here Robert uses his newly coined Latin word alchemia (which he calls 
“unknown and surprising’) to mean not the whole subject but rather 
just the Philosophers’ Stone itself—“a material substance compounded 
out of one thing . . . naturally converting substances into better ones.” 
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Other translations of Arabic alchemical works followed soon after— 
Jabir, Balinüs, al-Razi, and ibn-Sinà, among others—and the word would 
quickly come to refer to the entire discipline, as its cognates had done in 
Greek and Arabic.* 


Tbe Recipe Literature in Europe 


Although a developed science of alchemy was new to Europe, metal- 
lurgical and productive processes were already well established there. 
European craftsmen and artisans possessed a range of practical know- 
how for the production of a variety of substances—alloys, pigments, 
dyes, techniques for metalworking, and so forth. Several early medieval 
manuscripts record this knowledge. They perpetuate the ancient recipe 
literature tradition to which the Greco-Egyptian Stockholm and Leiden 
Papyri and the Pbysika kai mystika of pseudo-Democritus belong. In fact, 
an Italian text called Compositiones variae (Various Compositions) and 
probably dating from around 800 actually contains a word-for-word 
Latin version of one of the recipes recorded in the Leiden Papyrus. This 
compilation, as well as the slightly later and more extensive Mappae cla- 
vicula (Little Key to tbe World), indicates how workshop recipes and 
practices were handed down for centuries. 

While these written texts testify to a transmission of knowledge—in 
these cases mostly through Byzantium—the texts themselves are pre- 
dominantly literary compositions. That is to say, the Compositiones and 
Mappae were not handbooks for craftsmen; an artisan would not have 
kept one of them in his workshop as a handy reference guide. These texts 
were compiled from a variety of sources by scribes who scarcely if ever 
set foot in a medieval /aboratorium (workshop), and almost certainly 
never applied their ink-stained fingers to the artisanal crafts described.’ 
Thus, they contain recipes of widely diverse date and origin, quite a few 
of them garbled by the scribes’ unfamiliarity with the techniques and 
terminology. 

One exception to this generalization is the most famous of craft books: 
On Diverse Arts (De diversis artibus), written about 1125 by a monk calling 
himself Theophilus. It describes a wide variety of substances and techni- 
cal details useful to monastic craftsmen for making pigments, glass, cast 
metal objects, and alloys.° Most of its recipes are so clearly described that 
they can be replicated fairly readily today. This implies that Theophilus 
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himself had firsthand knowledge of the operations and processes he de- 
scribes. Yet amid his otherwise perfectly straightforward processes, there 
exists a curious recipe that may mark one early percolation of Arabic 
alchemy into Latin Europe before Robert of Chester’s translating activ- 
ity. Amid descriptions of various kinds of gold, Theophilus includes a 
recipe for "Spanish gold ... compounded from red copper, basilisk pow- 
der, human blood, and vinegar.” Copper, vinegar, and human blood are 
easy to obtain (although the last perhaps rather unpleasantly), but basi- 
lisk powder was probably not readily available in the average monastic 
workshop, not even in the back of the cupboard. Readers who know 
their bestiaries (or their Harry Potter) will recognize the basilisk as a hid- 
eously deadly reptile able to kill with its glance alone. But Theophilus 
explains that the "gentiles" (that is, Muslims) have commendable skill 
in making basilisks. They lock up two old roosters in a narrow place and 
overfeed them until they copulate and lay eggs. The eggs are given to 
toads, who hatch them into chicks that soon grow serpents’ tails and 
mature into basilisks. The basilisks are raised underground in kettles 
and later incinerated, their ashes mixed with vinegar and blood, and the 
paste smeared onto plates of copper. Exposure to fire then turns this 
copper into fine gold. 

What we may be seeing here is a garbled alchemical allegory being 
taken literally. Perhaps Theophilus included the process on account of 
its exotic nature—it's doubtful that either he or any of his readers were 
tempted to try it for themselves. Remarkably, historians of science have 
recently found a similar recipe for basilisks and the use of their ashes 
for making gold— possibly translated from some part of the Jäbirian cor- 
pus—in a Sicilian manuscript, and have even outlined a plausible trans- 
mission route between that manuscript and the author of Oz Diverse 
Arts.’ 


The Emergence of Latin Alchemy and “Geber” 


The translation of Arabic alchemical works dwindled to a trickle within 
a hundred years, around the middle of the thirteenth century. By that 
time, Latin authors had begun writing their own books on alchemia.’ 
Centuries earlier, when alchemy was appropriated from the Byzantine 
world by the Arabs, the first original Arabic compositions appeared 
under Greek pseudonyms. Now in Europe, an analogous situation pre- 
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vailed: many of the earliest Latin authors wrote their books under Arabic 
pseudonyms. In both cases, pseudonymous authorship was intended to 
give books greater authority by making them seem older, more vener- 
able, and part of a culture recognized as more advanced. To add to the 
sense of déjà vu, the most influential of these thirteenth-century Latin 
alchemical compositions appeared under a very familiar name, that of 
Jabir, rendered in medieval Latin spelling as Geber. Thus, the “Jabir 
problem” discussed in the previous chapter had yet another dimension: 
whether the Latin books known under the name of Geber were transla- 
tions of Jabir, or whether they were native Latin productions. Historians 
of science argued vociferously over whether Geber was really Jabir. 
Recent scholarship has settled the issue: he was not. Geber was a late 
thirteenth-century Latin author. 

Many writers continue to confuse the two today, and a stubborn few 
continue to battle in favor of an Arabic identity for Geber. Geber himself 
did not make settling the issue easy. He cites no sources by name which 
might allow us to date or place him. He adopts the initiatic style typical 
of the Jabirian corpus (but only at the very beginning and end of his 
book) and rewrites sections of Jabir's Seventy Books to include in his own 
treatise. He even peppers his text with what seem to be characteristically 
Arabic grammatical constructions and expressions translated into Latin. 

The author concealed behind the pseudonym of Geber is probably 
an Italian Franciscan friar and lecturer named Paul of Taranto.!? Paul 
wrote a nearly contemporaneous alchemical text that bears a striking 
similarity in style and content to “Geber” ’'s. Although Paul's writings 
draw heavily from Arabic sources, particularly from Jabir and from al- 
Razis Book of Secrets (Kitab al-asrar, translated into Latin as Liber se- 
cretorum), they also show striking originality and a detailed familiarity 
with practical alchemical processes. His Theory and Practice (Theorica 
et practica) classifies mineral and chemical substances much like al-Razi 
did, but shows more interest in describing and categorizing substances 
based on their observable chemical and physical properties. Undeniably, 
Paul’s works display the results of extensive practical testing and experi- 
mentation, and a level of rigor and theoretical synthesis rarely found in 
Arabic sources. This difference may come from the Christian West's tak- 
ing more seriously Aristotle’s charge to discover the true natural causes 
of things than was widely the case in the Islamic world. Typical of Paul’s 
work is a desire to harmonize theory and practice at a deep level by 
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developing a rigorous physical underpinning that could explain ob- 
served phenomena coherently. 

Such ideas are more fully expressed in the Summa perfectionis (The 
Sum of Perfection). In the Middle Ages, the Latin word summa com- 
monly referred to an exhaustive “textbook” of one or more subjects, as in 
St. Thomas Aquinas's Summa theologica. Accordingly, the Summa perfec- 
tionis is a comprehensive text about alchemy. It begins with arguments 
for and against the possibility of chrysopoeia (deciding in favor of it), 
and continues with a detailed summary of the state of knowledge about 
metals and minerals, including methods for purifying and working with 
them. Thereafter follow sections addressing practical operations and 
apparatus, while the last section provides a fascinating examination of 
the nature and properties of the metals and an account of the differ- 
ent grades of transmuting agents. The book concludes with an account 
of assaying, that is, how to determine the purity of precious metals—a 
necessary skill if the alchemist is to test the quality of the gold and silver 
he hopes to produce. The Summa became one of the most influential 
alchemical books of the Middle Ages and remained an authoritative text 
until the seventeenth century. 

According to Geber, the alchemist may carry out his art using “medi- 
cines" (by which he simply means chemical agents) having three degrees 
of strength. The least potent changes only the superficial appearance of 
the base metal, making it merely look like gold or silver. Geber provides 
several practical tests using fire and corrosives to demonstrate that true 
transmutation has not occurred. Only the most potent medicine, that of 
the “third order,” can truly transmute, and it exists in two forms—one 
for making silver and the other for making gold. This threefold division 
is one thing Geber borrows from Jabir.'’ What he does not adopt, how- 
ever, is Jabir's idea that animal and vegetable substances could be used 
to make transmuting elixirs—for Geber, as most European alchemists 
would eventually agree, the Philosophers Stone must be made from 
mineral substances only.'? 

More strikingly, the Summa incorporates a coherent matter theory 
that explains laboratory observations and undergirds methods of trans- 
mutation. This theory is based on two earlier ideas: the Arabic Mercury- 
Sulfur theory of the metals, and an idea out of Aristotle. Although the 
Greek philosopher explicitly denied the existence of indivisible atoms, in 
two places in his writings he made comments that could be interpreted 
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to suggest, or at least support, a theory of matter based in the existence 
of tiny particles of some sort. In one passage, he claims that there was a 
lower limit ofsize that any piece ofa substance could have and still main- 
tain its identity. A lump of gold, repeatedly divided in half, would even- 
tually become so small that one further cut would no longer result in two 
smaller pieces of gold; the particle would have become too small to sup- 
port the properties of gold. These tiniest pieces ofa substance came to be 
called in Latin minima naturalia (the smallest natural things). But more 
important for Geber—and in fact for all alchemists—was the fourth book 
of the Meteors, where Aristotle (or perhaps a follower of his) consistently 
invokes the idea of “parts” (onkoi) and “pores” ( poroi) that exist within 
seemingly solid substances. These parts and pores are used to explain a 
wide range of observations, phenomena, and physical properties. 

Geber draws on these ideas, especially the latter, and combines them 
with the Mercury-Sulfur theory. According to the Summa, the metals are 
produced from the coalescence of minute "parts" of the metallic prin- 
ciples Mercury and Sulfur. In different metals, these minute parts are 
of different sizes, and in the case of base metals, they are intermingled 
with earthy particles. Although this system bears some resemblance to 
an atomic theory, Geber's system is not truly atomic, because the "ti- 
niest parts" (minimae partes) he describes are neither indivisible nor 
permanent. 

But Geber does use this system to explain an array of physical proper- 
ties and chemical changes. Take for example the fact that a piece of gold 
is far heavier than an equally sized piece of tin; in modern terms, gold has 
a much higher density. Geber explains this observation based upon the 
way the constituent particles of Mercury and Sulfur are packed. In gold, 
they are very small and packed as tightly together as they can be—in 
what he calls "the strongest putting-together" ( fortissima compositio) — 
while in tin they are larger and poorly packed. A piece of gold thus con- 
tains more matter, leaving less space between the constituent parts than 
in an equal volume of tin; thus, the gold weighs more.'* Geber explains 
gold's stability with the same theory: because its constituent parts are so 
tiny and so tightly packed together, no pores or crannies are left open 
whereby fire or corrosives can attack and penetrate the metal to break it 
apart. A base metal such as lead, however, is badly "put together" (com- 
positum), so when it is roasted on the fire, the fire can enter the pores 
of the metal and break it down into a powder. (What Geber describes 
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here is the process of oxidizing lead into powdery lead oxide by means 
of roasting. ) 

The same theory also explains chemical operations. Sublimation—the 
purification of a volatile material by converting it from a solid into a 
vapor and then recondensing the vapor into a solid—occurs with sub- 
stances whose particles are not held tightly together. The heat of the fire 
causes the tiny parts to dissociate from one another; the smallest par- 
ticles, which Geber considers the purest, rise up as a fume, away from 
the larger and heavier ones, which are left behind unsublimed as dross 
at the bottom of the vessel.'? Although only some subsequent alchemists 
followed Geber's ideas, his theory would persist and develop as one im- 
portant thread among the various theoretical traditions of European 
alchemy. 


Alchemy Becomes Controversial 


A modern reader of the Summa might not realize that the book was writ- 
ten amid a century’s worth of intense controversy over the promises and 
aims of alchemy. At the center of this controversy was that polemical 
text written against chrysopoeia by ibn-Sina almost two centuries earlier 
and half a world away. Around 1200, an English translator named Alfred 
of Sareshal rendered that section of ibn-Sinà's mineralogical text into 
Latin as De congelatione et conglutinatione lapidum (On the Congelation and 
Gluing-Togetber of Stones). Alfred’s translation of this short text ended 
up being placed in manuscripts at the end of a translation of Aristotle’s 
Meteors; pairing the two works made sense, since both deal with the ori- 
gin of minerals. But, perhaps due to a hasty copyist who did not separate 
the two texts clearly, many readers thought that ibn-Sina’s words were 
part of Aristotle’s text. Given the enormous esteem that Aristotle had 
acquired by the thirteenth century, this mistake greatly enhanced the 
power of ibn-Sinä’s ideas—for both good and ill. On the one hand, the 
first part of ibn-Sinä’s text helped establish the Mercury-Sulfur theory 
of metals firmly in Latin Europe. On the other hand, the closing section 
presented a powerful rebuff to aspiring transmuters. Thus, Latin Europe 
heard the declaration that “art is weaker than nature and cannot follow 
her no matter how much it tries; let the practitioners of alchemy know 
that the species of metals cannot be transmuted,” in what seemed to be 
the authoritative voice of Aristotle himself.!ó 
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Responses came swiftly. An early thirteenth-century work titled the 
Book of Hermes refuted De congelatione point by point using both logical 
analysis and practical experience. Its author pointed out that alchemists 
could in fact make some substances (like salts) that are identical to natu- 
rally occurring ones." St. Albert the Great (circa 1200-1280), known as 
the Universal Doctor because of his broad learning and wide influence, 
likewise dissented when he wrote his own study of minerals.'® Albert's 
most famous student, St. Thomas Aquinas (circa 1225-1274), took De 
congelatione a little more to heart. St. Thomas echoed its words in say- 
ing that alchemists can produce only the appearance of natural things; 
their gold is not true gold, nor are the other things they produce the 
same as natural products, even if they display all the same properties. 
Nevertheless, St. Thomas elsewhere allows that if alchemists are able to 
harness the powers of nature and use them to produce gold in the same 
way that nature does, then that gold would be true gold, and could be 
legitimately sold and used as such.'? The critical factor lies in the precise 
method alchemists use—but could alchemists really identify and utilize 
nature's own means? One of St. Thomas's followers, Giles of Rome (circa 
1243-1316), went further. He recognized that De congelatione was not 
Aristotle's but ibn-Sina's (as Albert himself had suspected), yet he still 
used its arguments to declare that no matter how many tests alchemi- 
cal gold passes, and even if no sensible difference between it and natu- 
ral gold can be detected, it is still not the same thing as gold from the 
earth. If alchemy can make gold, he concludes, "it ought not be used as 
money, because gold and such metals are sometimes used in medicines 
and other things serviceable to the human body. If therefore such gold 
were alchemical, it might greatly harm the human complexion.””° 

Some contemporaneous alchemical authors agreed that artificially 
produced metals show subtle differences from the natural ones. The 
Little Book of Alchemy (Libellus de alchimia) attributed to St. Albert the 
Great claims intriguingly that alchemical metals are "equivalent to all 
natural ones for all purposes," with the odd exceptions that alchemical 
iron is not attracted by magnets; alchemical gold lacks medicinal prop- 
erties; and wounds made by alchemical gold fester while those made by 
natural gold do not. In the Book of Minerals, St. Albert reports, "I have 
had tests made on some alchemical gold, and likewise silver, that came 
into my possession, and it endured six or seven firings, but then, all at 
once, on further firing, it was consumed and lost and reduced into a sort 
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of dross."?! One wonders what sort of a substance the Universal Doctor 
had acquired, and from whom! 

Giles of Rome reveals a concern that should sound familiar to modern 
readers. He is worried about hidden properties and unknown effects. 
Even if alchemically produced gold conforms in every way to natural 
gold's properties—in color, density, softness, resistance to corrosion, and 
so forth—there still might be sometbing we do not know about, sometbing 
we cannot foresee, do not think to look for, or cannot detect. Giles bases 
his thinking on the axiom enunciated by ibn-Sinà that "art is weaker 
than nature": the creative and productive activity of human beings sim- 
ply cannot reproduce natural things. Nothing artificially produced can 
equal what is naturally produced. Such thinking remains very much alive 
today in the notion that synthetic diamonds are not "real" diamonds, 
and in concerns that bioengineered crops might have hidden noxious 
properties. Thus, some issues raised about medieval alchemy regarding 
technology and the relation between the natural and the artificial re- 
main unresolved today.” 

The partisans of alchemy did not take these attacks lying down. 
Indeed, it has been argued that their heated defense of the Noble Art 
and its power to imitate nature represents the first sustained salvo in 
favor of the power of human ingenuity and technology. One of the loud- 
est voices raised on behalf of alchemy was that of the Franciscan friar 
Roger Bacon (circa 1214-1294). In 1266-67, he wrote three books at the 
request of a friend who, in the meantime, had become Pope Clement IV. 
These writings contain vigorous arguments favoring the study of lan- 
guages, mathematics, natural philosophy, and alchemy as a means to 
reform knowledge and strengthen Christendom. In terms of alchemy, 
Bacon does not merely oppose the notion that art is weaker than na- 
ture—he turns it on its head. Human artifice is not weaker than nature; it 
is stronger. Alchemically produced gold is better than natural gold. Bacon 
asserts that the same is true of all laboratory products when properly 
made. Human copies of naturally occurring substances can be made 
superior to what nature provides.” This kind of thinking also endures 
today; it undergirds modern chemistry. Organic chemists work diligently 
(and successfully) toward the synthetic production of naturally occur- 
ring substances by quicker, more efficient means or with slight structural 
changes that make them better pharmaceuticals by increasing their me- 
dicinal effects or decreasing their toxicity. 
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Arguments about the power of alchemy to produce the equivalent 
of natural substances—gold or otherwise—eventually rose to the highest 
levels of power. It is reported that Pope John XXII convened a debate 
where the two sides squared off against each other.” We have no direct 
testimony of what happened at this debate, but if such a forum really 
took place, the papal decretal John XXII issued in 1317 suggests that the 
pro-alchemy party must not have defended its cause very well, for it be- 
gins thus: 


The impoverished alchemists promise riches that they do not deliver, 
and they who think themselves wise fall into the ditch they have dug. For 


indeed the professors of this art of alchemy make fools of one another.*® 


The decretal goes on to say that when the alchemists repeatedly fail 
in making gold, “in the end they feign true gold and silver with a false 
transmutation,’ since the possibility of a real transmutation into gold 
and silver “does not exist in the nature of things.”*° Then they counter- 
feit coins and pass them off on honest people. In punishment, the decree 
stipulates, anyone selling or using alchemical metal as if it were natural 
gold or silver is sentenced to surrender an equal weight of true gold or 
silver to the public treasury for distribution to the poor. 

Although the pope apparently was not convinced that true gold could 
be made artificially, his statement was not so much a condemnation of 
alchemy per se as of counterfeiting. It contains no theoretical or practical 
arguments against chrysopoeia, only concerns about coinage and fraud. 
Unfortunately for the alchemists, their art was rarely far from such crimi- 
nal practices in the public mind. The kings of France and England issued 
similar regulations banning the practice of transmutational alchemy, as 
did the ruling council of the Republic of Venice." In all these cases, the 
fundamental concern was to maintain the purity and value of the pre- 
cious metals upon which economies rested—the same concern that may 
have motivated Diocletian a thousand years earlier to command that the 
books of the Egyptians be burned. In fact, whether chrysopoeia could 
make real gold or only a good imitation thereof, it remained a perilous 
practice in terms of economic and political stability. If the gold was 
false, it would debase and pollute the gold supply, and if true, it would 
lower the value of gold by increasing the amount available. Similar 
thoughts led the Arab historian ibn-Khaldün in 1376 to argue against the 
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possibility of chrysopoeia on the grounds that if true, it would foil God’s 
plan for maintaining economic stability in the world—namely, His di- 
vinely wise choice to create only a limited quantity of gold and silver.”* 
Lawyers continued to debate the licitness of alchemy and the legality of 
its products from the Middle Ages until the eighteenth century.” 

As with most papal proclamations then as now, John XXITI's decree 
was largely ignored. Alchemists, including many in Holy Orders, con- 
tinued to work and write. In England, the allure of a domestic supply of 
gold was too powerful. Henry IV’s 1404 statute against gold making was 
soon modified, in a very English way, by the awarding of licenses from 
the Crown to practice alchemy, on the condition that the precious met- 
als produced were to be sold directly to the Royal Mint.*° 

Alchemists themselves reacted to the climate of dissension and con- 
cern that came to a climax in the fourteenth century. Yet tracing precise 
lines of influence is difficult, and modern scholars are still striving to ob- 
tain a better understanding of fourteenth-century alchemy. Nevertheless, 
several changes are evident, and two of them can be reasonably (if not 
yet rigorously) traced to the atmosphere of greater criticism: enhanced 
secrecy and the construction of linkages between alchemy and Christian 


theology. 


Secrecy and Theology in Latin Alchemy 


As far back as Zosimos, alchemical texts carried injunctions to secrecy 
and deployed various methods of preserving it, such as the use of 
Decknamen and their extension into allegories. Originating in the pro- 
tection of trade secrets, this tendency was enhanced in the Jabirian writ- 
ings by alchemy's connection to a secretive and esoteric Shi'ite sect, and 
by the addition of the dispersion of knowledge technique, which may 
have served primarily to cloak the multiple authorship of the corpus. Al- 
Farabi (died 950), a younger contemporary of al-Räzi, wrote a work jus- 
tifying alchemical secrecy on the grounds that unrestricted knowledge 
of gold making would destroy economies—a common fear throughout 
most of alchemy’s history.” In contrast, early European alchemy, such as 
that described in the Summa perfectionis, is remarkably free from overt 
secrecy, even if Geber mimicked the initiatic style of Jabir at the start 
of his book. Another sign of alchemy’s initial move toward openness in 
Europe is that the subject began to be incorporated into the curriculum 
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of the new medieval universities.? With the advent of controversy and 
criticism, increased public and official scrutiny, and legal sanctions, how- 
ever, Latin alchemy retrenched and withdrew, becoming more secretive, 
more encoded, more allusive, and consequently more elusive. 

This increased secrecy manifested itself partly in a renewed spate of 
pseudonymous works. Thus, even though the real St. Thomas Aquinas 
was ambivalent or skeptical about alchemy, in the fourteenth century 
(well after the Angelic Doctor's death) an allegorical work called The 
Rising Dawn (Aurora consurgens) was circulated under his name. New 
alchemical books were likewise written under the names of revered 
(and safely dead) figures like Albert the Great, Roger Bacon, Catalan 
philosopher Ramon Lull, and a host of others—including, amusingly 
enough, even ibn-Sinà, whose denial of chrysopoeia had ignited so much 
controversy in the first place. (In fact, even the Persian's most anti- 
chrysopoetic sentence would wind up rephrased and attributed to pro- 
chrysopoetic authors as a "hint" about how to make the Philosophers’ 
Stone!) Pseudonymity both legitimated these writings by attaching them 
to celebrated names and provided anonymity for their true authors. 

Similar motives of legitimation lay, in part, behind the new connec- 
tions between alchemy and Christianity that were forged at about the 
same time. The writings of John of Rupescissa and those attributed to 
Arnald of Villanova provide the best illustrations. 

John of Rupescissa (or Jean de Roquetaillade) was born about 1310 in 
the Auvergne, in central France; he attended the University of Toulouse 
and then became a Franciscan friar.? In doing so he was influenced by the 
ideas of a branch of the order known as the Spirituals, who opposed the 
increasing institutionalization of the Franciscan order as it grew, claim- 
ing that it had abandoned the ideals and rule of its founder, St. Francis 
of Assisi (1181/2-1226). The Spirituals, who saw themselves as the true 
followers of St. Francis, embraced radical poverty and fiercely criticized 
church hierarchy and the more mainstream Conventual Franciscans. 
The Spirituals were also caught up in apocalyptic fervor and a fondness 
for prophecies, believing that the Antichrist was about to appear. 

Ecclesiastical authorities viewed the Spiritual Franciscans with dis- 
trust and discomfort, and eventually suppressed them.** John himself 
was arrested in 1344 and spent the rest of his life in a series of prisons. 
While incarcerated he wrote most of his books (both alchemical and 
prophetic) and received inquiries from numerous visitors, including 
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high-ranking clerics. Although John’s works do describe various suffer- 
ings in prison, apparently his confinement was intended not to silence 
him (otherwise he would not have had access to parchment, ink, and 
books) but rather to keep a close eye on a potentially troublesome self- 
styled “prophet.” John of Rupescissa’s alchemical writings must have 
been extremely widely circulated and copied in their day, for they are 
among the most common manuscripts about the subject that survive 
from the fourteenth and fifteenth centuries. 

It might seem incongruous that a man so fervently committed to the 
ideal of poverty would also devote himself to finding the secret of mak- 
ing gold. Yet at the start of his Book of Light (Liber lucis), written about 
1350, John states clearly why he studied chrysopoeia and why he decided 


to write about it. 


I considered the coming times predicted by Christ in the Gospels, namely, 
of the tribulations in the time of the Antichrist, under which the Roman 
Church shall be tormented and have all her worldly riches despoiled by 
tyrants. ... Thus for the sake of liberating the chosen people of God, to 
whom it is granted to know the ministry of God and the magisterium of 
truth, I wish to speak of the work of the great Philosophers’ Stone without 
lofty speech. My intention is to be helpful to the good of the holy Roman 
Church and briefly to explain the whole truth about the Stone.’ 


True to his Spiritual Franciscan views, John says that the tribulation 
of the Antichrist is at hand, and that the church will need every form of 
help to withstand it; that help includes alchemy. John was not the only 
Franciscan who thought this way. The same concern about the coming of 
the Antichrist lay behind much of what Roger Bacon—also a Franciscan 
friar—wrote to the pope about sixty years earlier: the church will need 
mathematical, scientific, technological, medical, and other knowledge to 
resist and survive the assault of the Antichrist. We are well familiar with 
the use of science and technology for national security; in the case of 
John and Roger, we find a medieval precedent that includes alchemy as 
a means of ecclesiastical security. 

John provides a detailed recipe for making the Philosophers’ Stone. 
He holds that it is to be made from a specially purified mercury and 
a "Philosophical Sulphur." The idea that the stone, like the metals, is 
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composed of Mercury and Sulfur would become a standard notion in 
European alchemy. The only problem lies in the intentional ambiguity 
of the names Mercury and Sulfur, both of which, acting as Decknamen, 
might conceivably refer to almost anything. But John is explicit that for 
him, the Mercury is common mercury carefully freed of its impurities, 
and the Sulfur is found within “Roman vitriol” (iron sulfate). 

John first describes a series of sublimations of mercury with vitriol 
and saltpeter, followed by various digestions and distillations. Despite 
the apparently clear directions, however, his first step will not work 
in a modern laboratory if followed verbatim. The sublimate “white as 
snow” that John describes making is undoubtedly mercuric chloride; 
therefore, the starting mixture must have included common salt, but this 
substance is not mentioned in the list of ingredients. There are two pos- 
sible explanations. First, John’s saltpeter might have been quite impure 
and contained a large quantity of common salt. In fact, his De confectione 
contains an annotation toward the end that notes how crude saltpeter 
ordinarily contains salt, and gives a method for purifying it by fractional 
crystallization. The second possibility is that John intentionally left out 
the crucial ingredient as a way of preserving secrecy. If this is the case, 
then it is significant that the end of De confectione includes a rather out- 
of-place paragraph describing the general importance of table salt (sal 
cibi, or “salt of food”), its ubiquity, its use in purifying metals, and so 
forth, and then states that “the whole secret is in salt.” Is this an example 
of the dispersion of knowledge?” Whichever of these two explanations 
is correct, the historical message is the same: alchemical recipes have to 
be read with care. Those that seem unworkable need not reflect nega- 
tively on the author's abilities or veracity, but might rather indicate a 
“hidden ingredient” —either something present as an unsuspected impu- 
rity or something artfully omitted from the recipe.” 

Once the need to include salt at the beginning is realized, a modern 
chemist can follow John’s procedure quite far, and in fact should be im- 
pressed by the level of technical skill and practical knowledge he must 
have possessed. For example, John uses the concept of “mass balance"— 
the weight of the products of a reaction must exactly equal the weight 
of the starting materials—to prove that the "invisible Philosophical 
Sulphur" he wants to extract from Roman vitriol has in fact combined 
with the mercury. 
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The sign that the spirit of the vitriol is incorporated with the mercury is 
this: if you put in one pound of mercury you will still get the same amount 
back [as a sublimate], despite the fact that in being sublimed the mercury 
leaves behind many earthy dregs. This result would be impossible unless 
the mercury, whiter than snow [as a sublimate], had carried up with itself 


the purest spirit of the aforesaid vitriol, which is the invisible Sulphur.*? 


In other words, since the mercury loses the weight of its “dregs,” it 
should weigh less than a pound as a sublimate, but the fact that it still 
weighs a whole pound means that the lost weight has been compen- 
sated by picking up the “invisible Sulphur" that John is striving to obtain. 
Thus, John makes use of the quantitative test of comparative weights to 
monitor and follow a substance that is otherwise “invisible” because it 
is never isolable, only transferred from one substance to another. Such 
close observation and monitoring of the weights of materials indicate 
a degree of clearheadedness and care in the laboratory that is often not 
attributed to alchemists. Given that modern chemistry recognizes that 
the transmutation of base metals into gold is not possible by chemical 
means, it has often been too easy to dismiss virtually everything the al- 
chemists did and wrote in their pursuit of that goal. Nonetheless, the 
more that historians of science inspect alchemical writings carefully and 
contextually, the more impressive many of these writings become from a 
scientific and an experimental standpoint. 

At a certain point, however, the results John describes no longer cor- 
respond to what modern chemistry would predict. The same situation 
is often encountered when reading alchemical procedures. Sometimes it 
marks a boundary where the author moves silently from something he 
has actually performed to something he predicts should happen. In other 
cases, it means that a necessary ingredient or operation has been silently 
omitted, or that we are not recognizing and interpreting an allegory or 
Deckname properly. There is also the possibility that the author's ingre- 
dients had a different composition from our modern equivalents, and so 
gave results we could not predict. (Chapter 6 addresses this issue further 
by exploring and exposing the chemistry hidden within early modern 
alchemical recipes.) 

At each stage of his procedure, John references another alchemical 
author, Arnald of Villanova. The real Arnald of Villanova was a Catalan 
physician who was born about 1240 and died in 1311. Like John of 
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Rupescissa and Roger Bacon, Arnald had ties to the Spiritual Franciscans 
(although he was not a friar himself), and around 1290 wrote a book 
about the advent of the Antichrist that brought him into conflict with 
the theology faculty at the University of Paris, who took a very dim view 
of such prophetic utterances as opposed to their own rational Scholastic 
theology. Although many alchemical writings are attributed to Arnald, 
it is very unlikely that he wrote any of them. Some do show attributes 
of Franciscan spirituality, and some are similar in their approach and 
use of scripture to Arnald’s own theological and medical writings—thus, 
his name was a reasonable choice to attach to them.” These pseudo- 
Arnaldian writings appeared throughout the 1300s, but only one of them 
certainly predates John of Rupescissa’s work, namely, the Tractatus par- 
abolicus (Metapborical Treatise), which John cites by name in his Book 
of Light. This book forges a special connection between alchemy and 
Christian theology.* 

The pseudo-Arnald holds, like John, that the Philosophers’ Stone is to 
be prepared starting with mercury. But rather than providing the clear 
recipes that John does, pseudo-Arnald devotes his book to a compari- 
son of the alchemical treatment of mercury to the life of Christ: “Christ 
was the example of all things, and our elixir can be understood accord- 
ing to the conception, generation, nativity, and passion of Christ, and 
can be compared to Christ in regard to the sayings of the prophets."*! 
For Arnald, quotations from Old Testament prophets bear witness not 
only to Jesus Christ as the Messiah but also to mercury as the correct 
starting material for the stone. Just as Christ bore his torment in four 
stages—scourging, crowning with thorns, crucifixion, and thirst on the 
cross—so too must the mercury undergo a fourfold “torment” to be pre- 
pared into the stone. Just as Christ was glorified after His tribulation, so 
mercury is “glorified” by being turned into the stone. As the sufferings of 
Christ and His glorious Resurrection bring salvation and healing to the 
fallen world, so too the final chemical transformation of mercury into 
the Philosophers’ Stone brings “healing” to the base metals, converting 
them into gold. There is probably also a silent comparison here with the 
Spiritual Franciscan view that the coming tribulations of the Antichrist 
will prepare the way for the establishment of a new age of peace. 

Arnald’s comparisons between Christ and mercury perform two func- 
tions. They offer allegorical language akin to Decknamen, and they serve 
to elevate the alchemical art by linking it metaphorically with the central 
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mysteries of Christianity.** The prophets speak not only of the Messiah 
but also of chrysopoeia. The alchemical art is sanctified by association 
through the similitudes it bears to the life of Christ. Another early 
fourteenth-century author, Petrus Bonus of Ferrara, claims that such si- 
militudes can work just as well in the opposite direction: a knowledge of 
alchemy provides knowledge (and even observable proof ) of Christian 
doctrines. In his 1330 book, the New Pearl of Great Price (Margarita pre- 
tiosa novella), Petrus asserts that a knowledge of alchemy allowed the 
"ancient [pagan] philosophers” to predict the virgin birth of Christ by 
means of analogy with the preparation of the Philosophers’ Stone. “I 
believe firmly, that should any unbeliever truly know this divine art, it 
would of necessity make him a believer in the Trinity of God, and he 
would believe in Jesus Christ our Lord, the Son of God.”* The very 
title of Petrus's book links alchemy to Christ's parable of the merchant 
in Matthew 13:45-46. These linkages enhance the status of alchemy by 
transforming it into a kind of holy knowledge. 

On a larger scale, the formulation of such linkages tells us something 
crucial about premodern ways of thinking. Specifically, premoderns 
tended to conceive of and visualize the world in multivalent terms, 
where each individual thing was connected to many others by webs of 
analogy and metaphor. This view stands in contrast to the modern ten- 
dency to compartmentalize and isolate things and ideas into separate 
disciplines. This crucial feature holds a key to understanding European 
alchemy more deeply; it is one focus of chapter 7. 

While the pseudo-Arnald’s Tractatus parabolicus provides the earliest- 
known extended linkage of alchemy with Christian theology, the two 
would thereafter remain close in many (but not all) alchemical writings. 
Crucially, John of Rupescissa makes it perfectly clear that allegorical texts 
like the Tractatus were read and deciphered for practical information. 


Master Arnald says that it is necessary to raise up the Son of Man in the air 
by means of the cross, which in literal terms means that the material that 
was digested in the third operation, after being ground finely, is put at the 
bottom of a flask to be dissolved, and the purest and most spirituous of 
what is there is then turned upwards into the air, and is raised up in the 
cross of the head of the alembic, like Christ, as Master Arnald says, was 


raised up on the cross.” 
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Thus, the reference to Christ's elevation on the cross signifies a chemical 
process of volatilization in which the prepared mercury is “raised up” by 
means of heat from the bottom of the flask into the “head of the alem- 
bic” (the highest part of the heating vessel), where the purified material 
condenses as a crystalline sublimate. “The Son of Man must ascend from 
the earth into the air, and ascend upon the cross of the alembic like a 
crystal s 

Medieval Latin puns strengthen these theological connections. The 
vessel used for subjecting metals to high temperatures and corrosives 
is still known today as a crucible, from the original Latin crucibulum, 
translatable as “little place of torment” and originating from the same 
Latin root (cruciare) as to crucify. (Recall that centuries earlier, Zosimos 
had envisioned his own processes as “tortures” of the metals.) Given 
the usual repertory of chemical operations involving melting, corrod- 
ing, grinding, vaporizing, hammering, and burning, it does not require a 
huge imaginative leap to envision them as “painful torments” of material 
substances. Accordingly, in explaining the pseudo-Arnald’s use of a verse 
from the gospels (John 12:24), John of Rupescissa writes, “Understand 
by the ‘grain of wheat that must die in the earth’ the mercury that must 
die in the earth of saltpeter and Roman vitriol.”* Here the verb die puns 
on an alternate name for “mercury’—argentum vivum, literally “living 
silver," so called because the silvery liquid seems in constant motion, as 
if it were alive. Mercury’s "death" thus comes about when it is converted 
into an unmoving solid, which is exactly what happens when it is ground 
together with saltpeter and vitriol and "disappears" into the powdery 
mixture.” 


Alchemy and Medicine 


John of Rupescissa wrote another alchemical work while in prison: On the 
Consideration of the Fifth Essence of All Things (De consideratione quintae 
essentiae omnium rerum). With it, he extended alchemy into a new area— 
medicine.“ During the Antichrist's reign, Christians would need not 
only gold but also their full health. Thus, John recounts how he sought 
a substance that could prevent corruption and decay and thus preserve 
the body from illness and premature aging. He found such a substance in 
the distillate of wine—what he called “burning water” or “water of life,” 
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and what we call alcohol. The Latin alchemical term for this delightful 
liquid—agua vitae—lives on in the names of several liquors: the Italian 
acquavite, the French eau-de-vie, and the Scandinavian akvavit. 

John considers this “burning water” the “fifth essence” of the wine, its 
quinta essentia in Latin. (Quintessence is a word still used to express the 
finest, purest, and most concentrated essence of a thing.) John borrows 
the word from Aristotelian natural philosophy, where it represents a sub- 
stance different from and greater than the four elements (fire, air, water, 
and earth), namely, the imperishable and eternal material from which 
everything beyond the moon, such as the stars and planets, is made. The 
implication is that this terrestrial quintessence of wine is similarly im- 
pervious to decay. While this might sound outlandish, John almost cer- 
tainly based his belief on empirical evidence—he notes how meat left in 
the open air quickly begins to rot, but when immersed in alcohol it is 
preserved indefinitely. He may also have noticed that while wine quickly 
degrades into vinegar, distilled alcohol remains unchanged. It is this sta- 
bility and preservative power that John wishes to turn to medicinal use. 

John was not the first to distill alcohol from wine; distilled spirits 
had been recommended medicinally by (the real) Arnald of Villanova. 
Interestingly enough, John writes that he identified alcohol as his 
sought-after preservative agent seven years after his imprisonment—in 
other words in 1351, by which time he had been transferred to the prison 
at the Papal Court in Avignon, where, it so happens, the distillation of 
wine for medical purposes had been carried out since the 13208.” It is 
therefore highly plausible that he discovered and witnessed its proper- 
ties there for the first time. 

Yet John goes much further in his employment of this “water of life” 
than did earlier authors and practitioners. He describes not only its prep- 
aration but also its use for making medicinal tinctures. Some of these he 
produced by simply soaking herbs in alcohol; here he was quite correct 
that alcohol often works much better than water in extracting the me- 
dicinally active compounds from plant matter. John also goes beyond 
the usual repertory of herbal remedies used in traditional pharmacology 
in that he recommends using metals and minerals. Gold had long been 
believed to have therapeutic properties, especially for strengthening the 
heart, and John describes its preparation for use in alcoholic medicines. 
(Our modern word cordial for a liqueur derives from gold-based rem- 
edies for the heart; cordialis is the Latin adjective for things related to the 
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heart, or cor.) Mercury, antimony, and other metallic substances were 
then, as now, generally considered toxic, yet John proposes the produc- 
tion of powerfully medicinal quintessences from them as well. 

John of Rupescissa made medicinal preparations a key part of alchem- 
ical practice; alchemy (and chemistry) would forever after be closely 
linked to medicine, for both good and ill.‘ His writings exemplify the 
two major goals of later European alchemy—transmuting metals and 
preparing medicines. John believed that these twin aims promised the 
health and wealth that oppressed Christians would need during the 
reign of the Antichrist. The allure of both rewards persisted long after 
concern about the Antichrist’s appearance had dwindled away. Similarly, 
while the use of Christian doctrine as a source of allegory, metaphor, and 
legitimation began with fourteenth-century alchemy, this dimension 
also continued to develop in succeeding centuries.?' 


The Pseudo-Lull and the Lost Crusade 


John's twin goals of transmutation and medicine became more tightly 
interwoven over the next generation, when his ideas about the quintes- 
sence of wine were widely distributed under someone else's name. Soon 
after Consideration of tbe Fiftb Essence began to circulate, another au- 
thor—whose identity remains unknown—co-opted large sections of the 
book, combined them with additional materials, and produced the Book 
of tbe Secrets of Nature or of tbe Quintessence (Liber de secretis naturae seu de 
quinta essentia). This new author had more interest in chrysopoeia than 
in medicine, so for him, extracting quintessences provided a step toward 
preparing the Philosophers Stone. Whereas John sought the incorrupt- 
ible quintessence as a preservative of human health, the new author 
saw such incorruptibility as the logical starting point for producing a 
substance that could confer incorruptibility to metals, that is, transform 
corrodible base metals into incorruptible gold. The book circulated 
under the name of Ramon Lull or Llull (1232-1315), a Catalan theologian 
and philosopher of the previous century who actually wrote negatively 
about alchemy. In subsequent years, the list of alchemical works bearing 
Lull's name grew dramatically. Although the real Ramon Lull wrote none 
of them, many of these compositions contained enough features resem- 
bling his authentic writings that the attribution seemed plausible—and 


remained largely unquestioned—for centuries.?? 
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Pseudo-Lullian writings comprise one of the largest and most influ- 
ential groups of medieval alchemical texts. The longest of them, the 
Testamentum (Testament), also appeared first—in 1332, a generation 
before the Book of the Secrets of Nature? Significantly, the Testamentum 
itself never claims Lull as its author; it could scarcely do so, since it men- 
tions dates after Lull’s death. Nevertheless, the author of the Book of the 
Secrets of Nature co-opted the Testamentum as part of the Lullian corpus 
he began producing. The fact that the Testamentum contains character- 
istically Lullian elements and was written by a Catalan scholar made it 
easier to reassign the originally anonymous work to Ramon Lull. 

The Testamentum defines alchemy as “a hidden part of natural phi- 
losophy” that teaches three main topics: how to transmute metals, how 
to enhance human health, and how to improve and produce precious 
stones. The last of these topics is unusual for alchemical texts of the 
period, so the Testamentum gives a recipe for dissolving small pearls into 
a paste and then molding the paste into larger artificial pearls.** It also 
contains recipes for medicinal waters. Most of this lengthy book, how- 
ever, deals with making the Philosophers’ Stone, which can provide pre- 
cious metals, good health, and better gems by itself. The author of the 
Testamentum holds that the stone is a medicine of universal application. 
It “cures” base metals, turning them into gold; it removes the imperfec- 
tions of gems; it cures all diseases for both human beings and animals, and 
even stimulates the growth of plants. The enormous popularity of the 
pseudo-Lullian corpus codified the notion that the Philosophers’ Stone 
was the "medicine of men and metals." (Although, following Bacon, the 
pseudo-Lull, and others, the stone was thought able to maintain human 
health and thus prolong life, it was not considered an "elixir of immor- 
tality,” as some popular treatments of alchemy claim.)” Interestingly, 
the Testamentum also states that the stone can render glass malleable—a 
supreme feat of technology, fabled and rumored since Roman antiquity.” 

Legends about Lull the alchemist's life and his alchemical exploits 
began to emerge in the early fifteenth century. According to the full- 
blown legend current in the seventeenth century, he was converted from 
skepticism about alchemy by his fellow Catalan, Arnald of Villanova, 
who also taught him the secrets of the Noble Art. Lull then traveled to 
England. Some versions say he was invited by one Cremer, the abbot 
of Westminster and himself a frustrated alchemist who, while searching 
for a teacher, found Lull in Italy. Once in England, Lull demonstrated 
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his abilities to King Edward, and said he could make enough gold for 
the king to launch a new crusade to recover the Holy Land. The king 
agreed to Lull’s proposal, and set him up with a laboratory in the Tower 
of London, where he transmuted twenty-two tons of lead and tin into 
pure gold, which was then minted into new coins called rose nobles. But 
Edward double-crossed Lull; instead of using the gold as promised to 
finance a crusade, he used it to invade France, and Lull either was impris- 
oned or, in other versions, left England disgusted and depressed.” 

Like most alchemical stories, this one accreted around some nuggets 
of truth. The Testamentum does refer to Arnald, and its colophon records 
that its author wrote it in London near the tower, so at least one of the 
authors accounted a “pseudo-Lull” was actually in England. He would 
have been there during the time of Edward III (reigned 1327-77), a king 
known to have supported alchemists, who did issue a new gold coin in 
1344 called the noble, and who invaded France shortly thereafter. Yet 
none of these events could connect with the real Ramon Lull, who died 
when Edward III was three years old. (Some writers therefore endeav- 
ored to identify the deceitful king as Edward I or II.) Furthermore, the 
true rose nobles (bearing images of a rose and a ship) appeared only 
in the middle of the next century.” Despite all the problems with the 
legend, other alchemists routinely used the story of Lull’s ill-fated deal- 
ings with the English king as a cautionary tale for their fellow chrysopoe- 
ians: keep quiet about your knowledge, and avoid the deceitful halls of 
power. 


Further New Developments: Florilegia and Images 


During the fourteenth and fifteenth centuries, the output of new al- 
chemical writings continued to increase and diversify. The earliest 
works of Latin alchemy, such as Geber's Summa, were predominantly 
Scholastic in style: organized, logical, and straightforward—like text- 
books. This format continued to be used until the seventeenth century, 
even as other—and ultimately more popular—styles emerged. One new 
literary form was the florilegium. The word literally means a “gather- 
ing of flowers,” and it refers to a text that picks the choicest excerpts 
from a wide variety of books and arranges them into a “book of books.” 
Florilegia are anthologies or compendia of short, informative quotations 
taken from many authors. These excerpts might present explanations of 
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alchemical theory, or a series of cryptic sentences requiring interpreta- 
tion, or recipes for various products, including the Philosophers’ Stone 
itself. The florilegium format was not unique to alchemy; authors used 
it to organize materials and authorities for a wide variety of subjects 
in the late Middle Ages. Today, florilegia might seem boring or redun- 
dant, but we can imagine that in their day, when books were expensive 
and scarce, they played an important role in summarizing and dissemi- 
nating information from a broad range of sources. 

The late Middle Ages also witnessed the emergence ofanother alchem- 
ical genre—emblematic illustrations. Extended allegorical descriptions 
of alchemical processes and theories emerged in the Greco-Egyptian pe- 
riod, notably in the “dreams” of Zosimos. But in the fourteenth century, 
this allegorizing tendency, now firmly established within alchemy, went 
further by manifesting itself not just in metaphorical words but in meta- 
phorical images.® The sophistication of such images ranges from simple 
woodcuts to artistic and technical masterpieces. of enormous complex- 
ity. No popular book on alchemy today fails to reproduce an array of 
such images. Yet their beauty and allure can prove to be a double-edged 
sword; many modern writers have wrested them out of context, as if they 
were somehow independent of both their creators and the texts they 
were intended to illustrate—independent of the time, place, and cultural 
conditions under which they were produced. As a result, they have often 
been interpreted according to the whims of the modern viewer rather 
than according to the intentions of their original authors and the prac- 
tices of their original readers. Emblematic images can tell us a great deal 
about alchemy, but only when treated historically and in context. 

Probably the earliest text to incorporate allegorical figures is the 
Rosarium philosophorum (Rose-Garden ofthe Philosophers). Actually, several 
books with this title were produced in the 1400s and 1500s; the earliest of 
them is attributed (falsely) to Arnald of Villanova.*' All of them are flo- 
rilegia (hence the title), but only one is adorned with images. Curiously, 
these images appeared first as part of an independent German poem 
titled Sun and Moon (Sol und Luna) that was later spliced into the Latin 
prose text of the Rosarium. The Rosarium’s text was written first, dur- 
ing the fourteenth century, and the poem was written somewhat later 
but still before 1400. Whether the two are the products of one author or 
(more likely) two remains unclear. What is clear is that the poem and its 
images were used to better organize the original florilegium—each verse 
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and image summarizes the theme of a section of text—and they probably 
functioned as a memory aid. The combined assemblage of Latin text, 
German poem, and woodcut images was first published in 1550.° 

The Rosarium, as its title page proclaims, deals with “the true method 
of preparing the Philosophers’ Stone.” It begins with quotations regard- 
ing general alchemical themes and theories, the composition of metals, 
and the production of the elixir from the combination of two substances, 
here called Sol and Luna. To describe the combination of these two prin- 
ciples, it quotes a section of the Turba pbilosopborum, which counsels the 
reader to “marry your son Gabritius, dearest to you among all your sons, 
with his sister Beya who is a shining, smooth, and tender girl.’ Here 
the personification of the two ingredients draws on Arabic—the name 
Gabritius is undoubtedly derived from kibrit, the Arabic word for “sul- 
fur,” and Beya from bayad, meaning “whiteness” and “brightness,” surely 
referring to mercury. Thus, as with John of Rupescissa, the Rosarium 
presents the theory that the elixir is made from the combination of 
Mercury and Sulfur. The difficulty, of course, remains in identifying 
what “Mercury” and “Sulfur” actually mean in this context. The writer of 
the German poem Sun and Moon (here the Sun/Moon pair is equivalent 
to Sulfur/Mercury and Gabritius/Beya) has the Moon tell the Sun that 
he has need of her “like the rooster does of the hen,” and the illustrator 
graphically depicts the “conjunction” of Sun and Moon as shown in fig- 
ure 3.1. Where there were two, the Latin text continues, “they are made 
as if one in body.” The following illustration (fig. 3.2) accordingly shows 
the one body with two heads that results from the fusion of Sun and 
Moon.” Subsequent illustrations depict the departure of the “soul” from 
this hybrid (fig. 3.3), the cleansing of the dead body, the return of the 
soul to produce the first stage of the Philosophers’ Stone, and so forth. 

The images of the Rosarium are simple and straightforward, as befits 
pictorial summaries of a preexisting text. Some later examples of al- 
chemical emblems are far more complex, however, and often function as 
coded—that is, intentionally secretive—communications that require the 
reader to apply a full measure of interpretative skill in order to grasp their 
meaning (chapter 6 illustrates how to do this). Yet even the Rosarium’s 
simple images can strike the reader as shocking or outlandish. Sexual 
intercourse and reproduction are common elements of alchemical imag- 
ery, both textual and graphic. But given that alchemy is fundamentally a 
generative and productive practice (that is, it makes stuff ), comparisons 
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Figures 3.1—3.3. Conjunction, Conception, and Extraction of 
the Soul, emblematizations of stages in preparing the Philosophers’ Stone. 
The verses in German are from the poem Sol und Luna. From the Rosaríum 
philosophorum (Frankfurt, 1550). By courtesy of the Department of Special 
Collections, Memorial Library, University of Wisconsin— Madison. 


to procreation are actually appropriate. Alchemy's aim is to give rise to 
new substances or new properties by combining existing ones, just as 
parents give rise to new offspring through their union. Sex and sexuality 
are among the most universal and common experiences of human be- 
ings, and so provide a ready source of similitudes and easily intelligible, 
descriptive metaphors.® The idea or sight of two substances reacting and 
combining to form a third easily suggests the image of a marital couple 
to an imaginative mind practiced in drawing metaphors. Even modern 
chemists frequently conceptualize reacting substances as pairs acting on 
each other—no longer Mercury and Sulfur, but rather acid and base or 
oxidant and reductant. Some of these modern pairs even continue to 
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suggest a kind of sexuality in their etymologies, such as electrophile and 
nucleophile, based on the Greek verb philein, “to love, kiss, or copulate.” 
Even more unavoidable than taxes, death is also a common human expe- 
rience, and was a part of daily life in the premodern world, though not in 
our sanitized and euphemistic modern society. Thus death, with all the 
attendant Christian doctrines of the departure of the soul and of final 
resurrection, appears in alchemical imagery as prominently as sex. 

One exotic being commonly encountered in alchemical imagery but 
not in daily life is the hermaphrodite. Why would alchemists be seem- 
ingly so obsessed with beings that exhibit both male and female physi- 
ologies? In the Rosarium, a bicephalous hermaphrodite (fig. 3.2) results 
from the union of Sun and Moon. In some ways, this is quite sensible. 
Unlike with animals whose procreation produces offspring while leaving 
the parents intact, the combination of two material substances causes 
them to unite in a new, third substance with a new identity, losing their 
own independent identities in the process. Thus, the hermaphrodite ac- 
tually represents something closer to alchemical processes. St. Albert the 
Great helpfully explains alchemists’ use of this odd image with the clar- 
ity characteristic of the thirteenth century. In his book about minerals, 
the Universal Doctor explains the Mercury-Sulfur theory of the metals, 
saying that these constituents are 


like father and mother, as alchemical authors say when speaking meta- 
phorically. For Sulfur is like the father and Mercury like the mother, 
although it is more aptly to be expressed that in the commixture of metals 
the Sulfur is like the substance of the paternal seed, and the Mercury like 


the menstrual blood which is coagulated into the substance of embryos.“ 


The basis of this comparison lies in a well-established notion dating 
to ancient Greek medicine that males (just like Sulfur) are characterized 
by the qualities of hot and dry, while females (just like Mercury) are 
qualitatively cold and wet. In some substances, Albert continues, these 
pairs of qualities are not well segregated, and in such cases “it is to be ob- 
served that some hot-dry is joined to a wet-cold in the same complexion, 
and this complexion is hermaphroditic.”” Thus, a hermaphrodite in al- 
chemy represents a substance arising from the union of a substance that 
is “male” (hot-dry) and one that is “female” (cold-wet). Note also how 
Albert clearly distinguishes between the metapborical usage of “father” 
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Figure 3.4. St. Albert the Great points to an alchemical hermaphrodite. 
From Michael Maier, Symbola aureae mensae duodecim nationum (Frankfurt, 1617), p. 238. 
By courtesy of the Department of Special Collections, Memorial Library, 
University of Wisconsin— Madison. 


and “mother” for Sulfur and Mercury, and a “more apt” comparison of 
them to other substances—namely semen and menstrual blood—whose 
literal combination (according to classical theories of generation) gives 
rise to an embryo. Albert actually laments the fact that “proper terms” 
do not exist for talking specifically about the production of material sub- 
stances (particularly minerals), which is why, he explains, authors find 
it necessary to discuss them using analogies.® His role in explaining the 
meaning of hermaphrodites in alchemy was not forgotten by his succes- 
sors. Indeed, two and a half centuries later he appeared in a seventeenth- 
century alchemical book pointing in explanation to a hermaphrodite 
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Only a small handful of alchemical works containing emblematic im- 
ages appeared in the fourteenth and fifteenth centuries. These share some 
of the procreative or sexual images of the Rosarium, but many are drawn 
as well from theological topics. Accordingly, the printed 1550 version of 
the Rosarium uses two images borrowed from the early fifteenth-century 
Book of the Holy Trinity (Buch der Heiligen Dreifaltigkeit) —considered the 
first alchemical text written in German—which depict the Coronation of 


| mcimemvícd ynne manches leiden nnd marte 
lach meinen viel vnnd manches leiden erm jr 
2inid erftanben/ clarificiert/ vn$ aller mated bior- 


Figure 3.5. The Resurrection of Christ as an emblem of a step in 
an alchemical process. From the Rosarium philosophorum (Frankfurt, 1550). 
By courtesy of the Department of Special Collections, Memorial Library, 
University of Wisconsin— Madison. 
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the Virgin and the Resurrection of Christ (fig. 3.5).7° The verses under 
the resurrection scene read, “After my many sufferings and great tor- 
ments, I am resurrected, clarified, and free from all stain,” recalling the 
expressions of the pseudo-Arnald. 


By the start of the sixteenth century, Latin alchemy had developed in 
many ways beyond the Arabic al-kimiya’ Europe had acquired more 
than three centuries earlier. The Noble Art’s ancient and central interest 
in chrysopoeia remained undiminished, and the search for the secrets 
of transmutation continued with increased vigor, aided by a wealth of 
new concepts, materials, and observations. In fact, multiple “schools” 
of chrysopoeia had developed by this time, each promoting particular 
starting materials or particular procedures, and basing themselves on 
various theories of metallic composition and explanations of how the 
Philosophers’ Stone could bring about transmutation. Yet even though 
most texts falling within the category of alchemia dealt with metal- 
lic transmutation, that was by no means the sum total of the field. By 
1500, alchemy also included the preparation of medicines, as practitio- 
ners promoted an expanding array of chemically produced or enhanced 
medicaments. Medical alchemy (also known as iatrochemistry or chemia- 
tria) would expand enormously in the sixteenth century thanks to the 
influential writings (and rantings) of the iconoclastic Swiss physician 
Theophrastus von Hohenheim, commonly known as Paracelsus. 
Humbler and less visible applications of alchemia also flourished. 
The recipe literature continued to develop as more workshops turned 
to chemical methods for producing a range of goods useful in arts and 
manufactures—salts, pigments, dyes, mineral acids, alloys, perfumes, 
distillates of various sorts, and so on. Alongside these industrious and 
productive activities, a wealth of new concepts about the hidden nature 
of matter and its transformations developed. Some stemmed from the 
quasi-particulate matter theory of Geber, others followed Aristotle more 
closely, and still others were totally new. The potential of human artifice 
and the secret workings of the cosmos remained fertile areas for study 
and for new ideas. At the same time, alchemy achieved an increasingly 
visible presence in early modern European culture, arousing both admi- 
ration and critique. Its ideas, metaphors, products, theories, practices, 
and practitioners attracted attention from artists, playwrights, preachers, 
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poets, and philosophers. At the end of the fifteenth century, alchemia 
was entering its golden age. The sixteenth and seventeenth centuries, 
the age of Copernicus, Galileo, Descartes, Boyle, and Newton, the age 
often called the Scientific Revolution, would also prove to be alchemy’s 
great age. 


* FOUR * 


REDEETINTTIIONSS REVIVALS AND 
REINTERPRETATIONS 


Alchemy from the Eighteenth Century to the Present 


f I were to follow a strictly chronological sequence, this chapter 

would delve into alchemy’s greatest epoch: the sixteenth and sev- 
enteenth centuries. Instead, I am going to leapfrog over that golden 
age for the time being to recount transmutational alchemy’s sharp 
decline in the early eighteenth century and its subsequent revivals, 
sometimes in strikingly new forms. Although it might seem confus- 
ing to violate chronological order in this way, there is good reason to 
do so. Most readers probably are aware of several common claims 
about alchemy—for example, that it is fundamentally distinct from 
chemistry, that it is inherently a spiritual endeavor or involves self- 
transformation, that it is akin to magic, or that its practice then or now 
is essentially deceptive. These ideas about alchemy emerged during the 
eighteenth century or after. While each of them might have limited va- 
lidity within a narrow context, none of them is an accurate depiction 
of alchemy in general. Nevertheless, they have all been put forward as 
general “definitions” of the subject over its entire history. For much of 
the twentieth century, even many historians of science participated 


83 


84 CHAPTER FOUR 


in this practice. Because these claims are so widespread today, and 
so distort and limit our view of alchemy, it is better to examine them 
now, before they can distract from our efforts to gain a more histori- 
cally accurate depiction of alchemy as it existed during its marvelous 


golden age. 


The Disappearance of Chrysopoeia 


Chrysopoeia flourished throughout the seventeenth century. Across 
Europe, a flood of books on the subject issued from printing presses. 
Distinguished scientific thinkers discussed and pursued transmuta- 
tion. Simple workshops and princely laboratories eagerly sought the 
secret to the process, while academic debates for and against its possi- 
bility continued undiminished. By the 1720s, however, transmutational 
alchemy found itself in sudden and astonishingly swift decline. By the 
1740s, chrysopoeia was considered in most (but not all) places a relic of 
the past. Occasionally it retained historical or antiquarian interest, but 
it had largely become an exemplar of human folly. How did a thriving, 
1,500-year-old endeavor come to be so suddenly discredited? 

The precise reasons for so abrupt and rapid a decline are still being 
studied and debated by historians of science. A simple explanation that 
seems reasonable in hindsight is that metallic transmutation was shown 
to be physically impossible. But the historical record does not support 
this notion. No new systems, experiments, or evidence appeared in the 
early eighteenth century that could have allowed anyone at the time 
to conclude that chrysopoeia was impossible. What the record shows 
instead is an increase in often vicious attacks on transmutational alchemy 
specifically as something simply fraudulent. Such vilification was nothing 
new; it had been a companion of alchemy since both the Arabic and the 
Latin Middle Ages. In the early eighteenth century, however, something 
changed. The objections became louder, stronger, and more persistent, 
less focused on theoretical and rational arguments and more focused on 
the moral and social issues of fraud. The rhetorical mud slung at chryso- 
poeia and its practitioners suddenly began to stick like it had never done 
before. 

Significantly, it was at this same time—the first decades of the eigh- 
teenth century—that the words alchemy and chemistry took on new and 
more restricted meanings. Previously, the two words had coexisted and 
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remained largely interchangeable. Even when some distinction in their 
usage from that period is detectable, it is not consistent and only rarely 
the one automatically made today. For example, Andreas Libavius’s fa- 
mous 1597 book, titled simply Alchemia, describes how to perform chemi- 
cal operations, use laboratory equipment, and make an array of chemical 
preparations—in short, what we would now unhesitatingly call chem- 
istry—with little mention of gold making or the Philosophers’ Stone.’ 
On the other hand, the collection of treatises titled Theatrum chemi- 
cum, whose first edition appeared around the same time as Libavius's 
Alchemia, features dozens of chrysopoetic texts—exactly what we today 
would instantly call alchemy. The entire range of ideas and practices 
dealing with the production and manipulation of material substances 
and their properties—whether the making of gold and silver, or the mak- 
ing of medicines, dyes, pigments, acids, glass, salts, and so forth—could 
be, and was, called either alchemy or chemistry. The word chemistry was 
used more frequently, though, largely because of the recognition of al- as 
the Arabic definite article, and its subsequent removal as leftover bag- 
gage from cbemeia's passage through the Arabic-speaking world.’ 

Because these two words now carry a host of modern connotations 
(most often, that chemistry is modern and scientific, while alchemy is 
outdated and non-scientific), many historians of science have adopted 
the practice of using the archaic spelling chymistry to refer to the whole 
range of practices that nowadays would be classed under chemistry and 
alchemy. This terminology was suggested both to recognize the undif- 
ferentiated domain of "alchemy and chemistry" and to transcend the 
automatic implications prompted nowadays by the words alchemy and 
chemistry? Take a moment to think about the associations instantly 
evoked when hearing each term. ( Would you have bought this book 
if its title were Tbe Secrets of Chemistry?) Now try to imagine getting 
roughly the same immediate impressions from both words. If you can 
do that—and it is not easy—you will begin to hear with the ears of most 
early modern listeners. In practice, however, it is easier to be jolted into 
remembering the shifting meanings of the two words by being con- 
fronted with the oddly spelled cbymistry. Consequently, I will use the 
term chymistry hereafter where appropriate. 

The redefinition of alchemy and chemistry arrived concurrently with 
the moralistic repudiation of metallic transmutation. I argue that the 
driving force behind these developments lay in large part in the desire 
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to elevate the status of chymists and chymistry. Before the eighteenth 
century, chymistry suffered from a very poor public image, and chymists 
had an ill-defined, often unsavory, identity. Unlike physics, mathematics, 
and astronomy, chymistry had no established place in universities; it had 
failed to gain a foothold there in the Middle Ages. Nor was it ennobled 
by a classical pedigree, meaning that no respected authority of antiq- 
uity had written about it. Chymical work was often dirty, dangerous, 
and smelly (to say nothing of chymists themselves) and was something 
tied closely to artisanal labor. The figure of the chymist was called on as 
comic relief in seventeenth-century plays and literature, almost invari- 
ably in the role of a bumbler, fool, or fraud (see chapter 7). Chymistry's 
transmutational aspect carried the centuries-old association with coun- 
terfeiting, forgery, fraud, and avarice. Its medical and pharmaceutical 
aspects were usually tied to the practice of untrained "empirics," not to 
that of learned and licensed physicians. Even Robert Boyle (1627-1691), 
later to be proclaimed the Father of Chemistry for boldly championing 
the value of the discipline, felt obliged to apologize in the preface to his 
first book on the subject for devoting himself to "so vain, useless, if not 
deceitful a study." ^ While chemists today are rightly chagrined by the 
public association of their discipline with toxins, carcinogens, and pollu- 
tion, their seventeenth-century predecessors suffered even worse prob- 
lems of identity and status. 

At the end of the seventeenth century, as chymistry continued to 
grow in importance and applications to scientific inquiry, medicine, 
commerce, and intellectual life, it began finally to be professionalized, 
developing the outlines of a formalized discipline. This professional- 
ization occurred in many places, but is perhaps clearest at the Royal 
Academy of Sciences in Paris, a scientific society established in 1666. In 
1699, five of the thirty places for members were earmarked specifically 
for la chimie, thus making the academy the first place where the subject 
achieved an official, high-profile, and state-supported status as an inde- 
pendent scientific discipline. As part of this newfound status, chymistry 
needed a makeover. It was necessary to clean up its rather sooty image so 
that it and its practitioners could achieve the prestige and respectability 
already enjoyed by the other sciences, and the bad public impression 
of the subject would not be extended to the Academy of Sciences. The 
secretary of the academy and chief crafter of its public image, Bernard le 
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Bovier de Fontenelle (1657-1757), already held chymistry in rather low 
regard, mostly because it did not have the “geometrical spirit"—that is, a 
neat system of deductive axioms, as in mathematics and physics—that he 
thought characterized “real” science. Chymistry's dubious reputation in 
the public mind just made matters worse. Government ministers over- 
seeing (and providing funding for) the academy also made known their 
desire not to have chrysopoeia discussed within the institution. Thus, 
one part of chymistry’s makeover involved quarantining transmutational 
activities, the source of so much ill repute, into a different category and 
severing all links with it. 

Accordingly, the Academy of Sciences issued some of the noisiest 
rhetoric condemning transmutational endeavors—not as theoretically 
impossible but simply as fraudulent. Everything within the ambit of 
chymistry that was most easily subject to criticism—for example, the 
Philosophers’ Stone, metallic transmutation, and so forth—was split off 
and increasingly labeled as alchemy. The processes and ideas deemed 
useful (including, ironically enough, many theories that were developed 
in the context of finding the stone) remained as chemistry. Thus, much 
of what alchemists had actually been doing all along—probing the na- 
ture and structure of matter and studying and harnessing its transforma- 
tions—remained as chemistry, even as the alchemists were condemned 
by ridicule. This strategy proved remarkably successful at the time, and 
remarkably invisible in hindsight. “Alchemy” became the scapegoat for 
chymistry's sins, driven from the respectable quarters where a newly 
purified chemistry could now reside. Chemist and chemistry became re- 
spectable terms—descriptive of modern, useful, productive, and “scien- 
tific” persons and things. Alchemist and alchemy became pejorative terms, 
descriptors of archaic, empty, fraudulent, even irrational persons and 
activities. 

Scratching beneath the surface of the above sketch reveals a consid- 
erably messier picture than what first appears. Alchemy’s public repu- 
diation did not actually eradicate it but merely drove it underground. 
Many chemists—even within the Academy of Sciences itself—continued 
to work on the problem of transmutation. For example, the academy's 
chemist Etienne-Francois Geoffroy (1672-1731) published a paper in 
1722, “Some Cheats concerning the Philosophers’ Stone,” in which he 
described the tricks and frauds used by pretenders to transmutation. 
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Geoffroy’s paper was a key step in the academy’s public repudiation of 
chrysopoeia, and has often been seen as marking the “end” of alchemy.° 
But Geoffroy actually cribbed most of his material from a book already 
a century old, written by a chrysopoeian alerting his fellow seekers after 
transmutation to sleights of hand they might encounter. Geoffroy's 
private library was crammed with books on transmutation, and some 
recently discovered manuscripts suggest that he continued to pursue 
transmutation experimentally (but quietly) well after his famous public 
denunciation of it.’ Other chemists of the Academy continued their own 
chrysopoetic studies in relative secrecy well into the 1750s. There was no 
scientific reason for them not to have done so. But the climate generated 
by the moralistic attacks on transmutation and its separation from "le- 
gitimate” chemistry meant that respectable, professional chemists could 
no longer afford to be seen studying alchemy. Alchemy was therefore left 
for the first time without any high-profile public defenders. 

The search for metallic transmutation and the Philosophers’ Stone 
continued quietly, albeit on a reduced scale, and it continues quietly in 
some quarters to the present day. This continuing work was (and is) usu- 
ally done privately, and so it is difficult for the historian to assess its real 
extent, save when a practitioner “goes public.” The most famous of these 
latter instances in the eighteenth century involved James Price, a chemist 
and fellow of the Royal Society of London. In 1782, Price claimed success 
in transmuting mercury into silver using a white powder and into gold 
using a red one. He performed several transmutations before witnesses, 
and exciting news of his claims spread rapidly in the popular press both 
in England and abroad. The fellows of the Royal Society, however, were 
incensed at what they immediately denounced as “charlatanism.” Here 
again, like at the French Academy of Sciences earlier in the century, the 
tight linkage of transmutation to fraud is evident, as is the keen sense 
of embarrassment felt by the society—some members wanted to expel 
Price immediately. Sir Joseph Banks, society president, demanded that 
Price demonstrate the process in front of other fellows to preserve the 
honor of the institution. Price initially demurred, saying that he had ex- 
hausted his supply of the powders and that it would take time and effort 
to produce more. Eventually, however, in July 1783 he invited fellows 
of the Royal Society to his home outside London for a demonstration. 
Sources disagree as to whether only three fellows bothered to show up 
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or none at all, but what is clear is that on the appointed day, Price com- 
mitted suicide by drinking poison.’ 


Alcbemy and tbe Enligbtenment 


The repudiation of transmutational alchemy by the professionalizing 
discipline of chemistry was reinforced by broader trends during the 
period generally known as the Enlightenment (roughly the eighteenth 
century). Alchemy became one of the many foils writers of the era used 
to enhance the achievements of their own age and to distinguish it from 
everything that came before. Enlightenment rhetoric was full of stark 
polarities—of light replacing darkness, reason supplanting superstition, 
new thinking casting aside old habits. It dealt analogously with the new 
binary of chemistry and alchemy: modern, rational, useful chemistry 
supplanted archaic and misguided alchemy. 

Accordingly, many eighteenth-century writers cast alchemy into a 
common bin with everything else considered unworthy of the so-called 
Age of Reason: witchcraft, necromancy, astrology, prophecy, magic, divi- 
nation, and so forth—all classed under the catchall title of "occult sci- 
ences.” This conflation is clear in the title of a massive seven-volume 
collection put forth by Johann Christoph Adelung in the 1780s: The 
History of Human Foolisbness; or, Biograpbies of Renowned Black Magicians, 
Alchemists, Devil-Conjurers, Expounders of Signs and Figures, Fanatics, 
Fortunetellers, and other Philosophical Monstrosities.'° Undoubtedly, some 
alchemists of earlier centuries were involved in one or more of these 
other topics as well—but the vast majority were not. It is therefore er- 
roneous to think of historical alchemy as ordinarily linked with them. 
Alchemy was neither magical nor a so-called black art. Most alchemists 
saw their practical work as operating completely in accord with natural 
processes, as recounted elsewhere in these pages. 

Some promoters of Enlightenment ideals viewed the obliteration of 
chrysopoeia almost as a measure of their own success. Thus, Christoph 
Martin Wieland, editor of the monthly magazine the German Mercury, 
reacted melodramatically to reports of James Price's transmutations. 


I come now in sackcloth and ashes before the European public, and call 


forth all enlightened heads! Put on mourning clothes and pray to the 
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deities of true wisdom and of the Enlightenment that they may yet 
smother in its birth this black misfortune that looms up against you. 
Hear what I say! The ancient enemy of true wisdom, the huge old specter 
of goldmaking, long assumed dead, rises up like Dedgial, the horrid 
Antichrist of the last judgement, and endeavors to trample philosophy 
and Enlightenment into the ground." 


Could metallic transmutation really have been such a threat? Wieland's 
hysterical response illustrates how alchemy had become by the 1780s 
an icon of everything "unenlightened." Just as early eighteenth-century 
chemists came to define themselves through public opposition to "al- 
chemy,” those who defined themselves within Enlightenment rhetoric saw 
a resurgence of alchemy as a threat to their own identity. These polarities 
endured long after the eighteenth century; they form the background for 
the shrill rejection by some late twentieth-century scientists and histori- 
ans to the revelation that many iconic figures of science, such as Robert 
Boyle and Isaac Newton, were deeply involved in alchemy.'* The polar- 
izing rhetoric of the eighteenth century made it seem impossible that sci- 
entific ability and reason could possibly coexist with alchemy. 

Wieland asked the chemist Johann Christian Wiegleb (1732-1800) 
to write a detailed exposition of every point in Price's accounts where 
fraud was possible; Wiegleb's report filled twenty pages of the German 
Mercury. By this time, he had already published his own Historico- 
Critical Investigation of Alchemy, a review of the history of chrysopoeia 
containing lengthy and vitriolic refutations of its claims. While criticiz- 
ing alchemical ideas ( both historical and scientific), Wiegleb also, like 
Adelung, compared alchemy to witchcraft." 

But the Enlightenment was a complex phenomenon that spawned 
diverse, even divergent, movements in different contexts. Thus, even 
while chrysopoeia was being repudiated by some factions, it was being 
adapted by others. Herein lies the reason that figures like Wieland and 
Wiegleb continued to fulminate at such length against chrysopoeia: de- 
spite the attacks of the preceding half century, chrysopoeia was by no 
means dead. In fact, the last decades ofthe eighteenth century witnessed 
the first of several “alchemical revivals." In German lands, the number of 
alchemical texts being published suddenly spiked in the 1770s and 1780s, 
and several groups and journals (generally short lived) devoted to reviv- 
ing, reorganizing, and pursuing chrysopoeia were founded. 


PLATE I. The coloring 
action of “water of 
sulfur” on silver. On the 
left, an untreated silver 
coin; on the right, an 
identical coin exposed 
to the water of sulfur 
described in the Leiden 
Papyrus. Author’s labo- 
ratory. 


PLATE 2. Explosions 
caused by heating sealed 
vessels and using unan- 
nealed glass were com- 
mon in early modern 
laboratories. In the 
background, the chy- 
mist's wife silently com- 
ments on her husband’s 
unsuccessful activities 
by wiping their child’s 
bottom. Henrik Heer- 
schop, The Chymísts Ex- 
periment Takes Fire, 1687; 
oil on canvas laid down 
on board. Courtesy of 
the Chemical Heritage 
Foundation Collections, 
Philadelphia; photo by 
Gregory Tobias. 


PLATE 3. Left: asample of stibnite, native antimony sulfide, the “antimony” of early modern writers. 
Right: the golden glass of antimony prepared by the author. Top: the “star regulus” of antimony, prepared 


by the author, showing the celebrated crystalline pattern on its surface. 


PLATE 4. A mixture of Philosophical 
Mercury and gold sealed in a philo- 
sophical egg at the start of the process 
for making the Philosopher’s Stone. 
Author’s laboratory. 
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PLATE §. The Philosophers’ Tree grown 


in the philosophical egg. The short trunk 
and spread of branches are easily visible, 
and strongly correlate with Starkey’s 


comparison to coral. Author’s laboratory. 


PLATE 6. Close-up of the Philosophers’ 
Tree grown in the philosophical egg. 

The brilliant silver color and intricate 
ramification of the tree are obvious, as 
are the height and breadth to which the 
tree has grown; the amorphous starting 
material initially filled less than one- 
quarter of the belly of the flask (compare 
with plate 4). Author’s laboratory. 


PLATE 7. A medal made from gold 
supposedly prepared from lead by 

transmutation in 1716. The reclin- 
ing figure allegorizes the transmut- 
ed metal by carrying the attributes 


of Saturn (lead), namely the scythe 


and hourglass, while bearing the 
Sun (gold) as his head. The legend 
reads: “A golden offspring born of 
lead as parent.” Courtesy of the 


Kunsthistorisches Museum, Vienna. 


PLATE 8. Adriaen van de Venne, Rijcke- 


Armoede (Rich Poverty), 1632; oil on panel. 


Courtesy of the Chemical Heritage 
Foundation Collections, Philadelphia; 
photo by Gregory Tobias. 


PLATE 9. Richard Brakenburgh, An 
Alchemists Workshop with Children Playing, 
late seventeenth century; oil on canvas. 
Courtesy of the Chemical Heritage 
Foundation Collections, Philadelphia; 
photo by Will Brown. 
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PLATE 10. After David Teniers the 
Younger, The Alchemist, seventeenth 
century; oil on panel. Courtesy of 


the Chemical Heritage Foundation 


Collections, Philadelphia; photo by 


Will Brown. 
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PLATE II. Thomas Wijck, The Alchemist in His Studio, 
seventeenth century; oil on panel. Courtesy of 
the Chemical Heritage Foundation Collections, 


Philadelphia; photo by Gregory Tobias. 


PLATE I2. Thomas Wijck, The Alchemist, seven- 


teenth century; oil on panel. Courtesy of 


the Chemical Heritage Foundation Collections, 
Philadelphia; photo by Will Brown. 
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A key locus of this revival was itself a product ofthe Enlightenment— 
newly formed secret societies, especially in Germany, such as the Free- 
masons, Rosicrucians, and the constantly misrepresented and ephemeral 
Illuminati. Several such groups embraced alchemy in one way or an- 
other. Some Masonic lodges used (and continue to use) alchemical 
symbolism and language in their rituals. More dramatically, the German 
group known asthe Gold- und Rosenkreutzer (Gold- and Rosicrucians), 
active in the 1770s and 1780s, established private and communal labo- 
ratories where their members pursued medical and transmutational 
alchemy experimentally. Many books in favor of transmutation—often 
new editions of sixteenth- and seventeenth-century classics—published 
in late eighteenth-century Germany were connected with Masonic or 
Rosicrucian organizations. Interestingly enough, these groups engaged 
with alchemy on a predominantly practical level—carrying out the same 
sorts of laboratory operations and experiments that characterized the 
chymistry of previous centuries.'* Exactly how the linkage between se- 
cret societies and alchemy developed remains incompletely understood, 
but alchemy’s long-standing tradition of holding ancient and privileged 
secrets harmonized extremely well these groups claims of harboring an- 
cient and arcane wisdom.'° 

The chemist Andreas Ruff provides an alternate late eighteenth- 
century evaluation of alchemy in which he voices his dissatisfaction with 
Wieland’s and Wiegleb’s brand of Enlightenment. In 1788, Ruff pub- 
lished a chemistry textbook dedicated to a Masonic lodge in Nuremberg. 
His volume is largely indistinguishable in content and style from other 
chemistry texts of the day, and would have proved as useful as any other 
to a chemical practitioner of the 1780s. At the end of his book, however, 
Ruff goes on to provide “Fundamental Rules” for the practical pursuit 
of transmutational alchemy, and offers a list of questions readers should 
use to assess the authenticity of anyone presenting himself as an alchemi- 
cal adept. For Ruff, chrysopoetic alchemy remains very much a part of 
chemistry, as it had been throughout the prior century. He bemoans the 
weakened state of chrysopoeia, blaming it on the fact that 


we live nowadays in an “enlightened” world, in a time when every 
sixteen-year-old boy is already a champion of criticism and a persecutor of 
superstition and antiquity. They revile their forefathers who believed too 


much, who debated about many things they did not understand, and who 
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(to their shame) affirmed many things for which they could not declare a 
reason—save that they believed. Thus the grandfather is dishonored in his 
grave by his grandson, and the father by his son, and whosoever can say 
such things without being at all ashamed shall be proclaimed to have an 


“open mind.”'‘ 


For Ruff, the scornfully dismissive attitude of the Age of Reason that 
ridicules whatever cannot be readily understood prevents people from 
investigating the unusual and the hidden—alchemy included. This prej- 
udice threatens to deliver the world, not into enlightenment, but rather 
into a new “Egyptian darkness.” Such uneasiness about the excesses of 
the Enlightenment forms a common trait among many late eighteenth- 
century supporters of alchemy. Other contemporaries launched their 
own critiques of the idolatry of reason, spawning the Romantic move- 
ment." A certain rebellious or “anti-establishment” character often ac- 
companied alchemy long afterward (it had already been an obvious 
feature of Paracelsian writings, with their vociferous attacks on the med- 
ical establishment). In the twentieth century, those skeptical or suspi- 
cious of “modernity” and its excesses sometimes turned to alchemy as an 
oppositional or countercultural stance. 


Alchemy in the Nineteenth Century 


The alchemical revival at the end of the eighteenth century lasted only 
a few years into the nineteenth. Nevertheless, once again alchemy was 
only dormant rather than deceased during the first half of the century. A 
scattering of publications about transmutation continued to appear, and 
their authors can be divided into two main groups. One group continued 
the traditions, methods, and approaches of seventeenth-century (and 
earlier) alchemy. Only a few publications from this group appeared in 
the early nineteenth century.'? Toward the end of the century, however, 
Albert Poisson (1864-1893), a medical student in Paris, became enam- 
ored with traditional alchemy and convinced of its claims. He pursued 
it avidly in the laboratory and republished several alchemical classics, as 
well as his own book on the subject. Poisson planned a massive alchemi- 
cal compendium that would have run to many volumes, but this proj- 
ect was cut short by his death at the age of twenty-eight from typhoid 
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fever.” Publications by later practitioners likewise following the meth- 
ods of early modern chrysopoeia continued to appear sporadically 
throughout the twentieth century, many of which continue to claim suc- 
cess in preparing the Philosophers’ Stone or other alchemical arcana.”° 

A second group of nineteenth-century practitioners headed in new 
methodological directions. They continued to pursue metallic transmu- 
tation, but in new ways that often drew on contemporaneous scientific 
discoveries. In the mid-1850s, for example, the chemist and photogra- 
pher Cyprien Théodore Tiffereau (1819-after 1898) presented a series 
of papers to the Academy of Sciences in Paris outlining how, while in 
Mexico, he had succeeded in turning silver into gold using common 
reagents. He maintained that the metals were actually compounds of 
hydrogen, nitrogen, and oxygen and were therefore interchangeable by 
altering the relative proportions of these components.?' This idea is of 
course analogous to the ancient Mercury-Sulfur theory of metallic com- 
position, but it also reflects chemical debates of the time. Recent discov- 
eries had compelled many mid-nineteenth-century chemists to seriously 
reconsider the possible composite nature of the metals. Well-respected 
chemists who supported the compound nature of metals openly specu- 
lated that the alchemical dream of metallic transmutation might in fact 
soon be realized.” Thus, despite their estrangement in the eighteenth 
century, alchemy and chemistry did—in some periods—reestablish intel- 
lectual contact. One journalist expressed this striking mid-nineteenth- 
century rapprochement by writing in 1854 that "after having poured out 
so much scorn upon her, in our day chemistry is moving towards joining 
with alchemy."? 

Under such conditions, the Academy of Sciences was more open to 
claims of metallic transmutation than it would have been previously. It 
not only invited Tiffereau to its assembly to present his results but also 
organized an official committee to examine his claims. Unfortunately 
for Tiffereau, neither he nor others could replicate his results in Paris. 
He returned to a quiet private life as a photographer. In 1889, however, 
he reemerged from obscurity, and began to give public lectures about 
his findings at which he displayed the gold he had produced in Mexico. 
The popular press ran excited columns about this "alchemist of the nine- 
teenth century." In 1891, drawing on recent work in biology and micros- 
copy, Tiffereau proposed that the transmutations he had observed in 
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Mexico were brought about by microbial action. He ascribed the failure 
of his processes in Paris to the absence the requisite airborne microor- 
ganisms that had been present in Mexico (near the precious metal de- 
posits, where they ordinarily existed) ?* 

On the other side of the Atlantic in the 1890s, an entrepreneurial 
chemist and mining engineer named Stephen Emmens offered the 
United States Treasury a method of turning silver into gold. Independent 
tests were made of his method (which involved hammering Mexican sil- 
ver) both in the United States and in England, but the results were not 
encouraging.^ 

These examples of transmutational alchemy’s continuation after its 
eighteenth-century "demise" probably form only the visible tip of the 
iceberg. Archival manuscripts bear witness to many more experimenters, 
and undoubtedly a much larger number left no trace of their activities. 
When writing his history of alchemy in 1854, Louis Figuier appended 
an entire chapter about hopeful mid-nineteenth-century practitioners. 
He noted the large number of them active in France, especially in Paris, 
described their ideas at length, and visited their laboratories"? There re- 
main serious (and some not-so-serious) investigators at work on gold 
making today. 

Tiffereau's memoirs and Figuier's book appeared—unbeknownst to 
them—at the dawn of a second revival of alchemy, one far broader and 
more influential than its late eighteenth-century predecessor. This sec- 
ond revival, which lasted through the entire second half of the nine- 
teenth century and into the twentieth, was perhaps not so much a 
rebirth as it was a movement that promoted a radical reinterpretation of 
alchemy's entire history before the eighteenth century. It would signifi- 
cantly change the direction of alchemical thought and subsequent ideas 
about the subject. 


Alchemy as Self- Transformation: Atwood, Hitchcock, 
and Victorian Occultism?” 


A new phase in the history of alchemy began in 1850 with the publication 
of A Suggestive Inquiry into tbe Hermetic Mystery. Its author was Mary 
Anne Atwood (1817-1910), a resident of Gosport on the English Channel, 
where she lived with her father, Thomas South. Atwood claimed that 
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she and her father had uncovered the true meaning and practice of 
alchemy that had lain hidden in the secretive writings of former ages. 
Shortly after the book’s publication, however, she purchased the entire 
print run and burned it on the lawn of her house. A manuscript work 
on the same subject in verse, titled The Enigma of Alchemy and written 
by Atwood's father, was cast into the same flames.?? Only her personal 
copies of the Suggestive Inquiry and the few that had already been pur- 
chased or sent out to libraries by the publisher survived. Atwood's later 
followers claimed that this literary immolation was sparked by a “moral 
panic" resulting from a "realization ofthe sanctity ofthe Art" and a fear of 
being "betrayers of the sacred secret." But Atwood and her father might 
as well have saved their money, since the copies that did escape destruc- 
tion were avidly read and circulated, and the work was reprinted several 
times in the twentieth century.” 

The Suggestive Inquiry begins with a cursory history of alchemy from 
Egyptian antiquity to the seventeenth century, when, according to the 
author, "mistrust, gathering from disappointment" generated the "ab- 
solute odium" under which alchemy and its practitioners had lain ever 
since. Atwood asserts that the world is "fully ignorant of the genuine 
doctrine" of alchemy, because what appear to be laboratory operations 
are really nothing of the kind. The literal sense of alchemical writings 
is merely “wisdom’s envelope, to guard her universal magistery from 
an incapable and dreaming world." The balance of Atwood's treatise 
presents her thesis in ponderous Victorian prose, interwoven with a 
jumble of decontextualized quotations from alchemical and classical au- 
thors, and filled with obscure assertions, enraptured exclamations, and 
strangely distorted scientific notions. She claims to reveal the two main 
secrets of alchemy: the true starting material and the method for making 
the Philosophers’ Stone. The starting material, she writes, is a ubiqui- 
tous, imponderable, intangible ether. The alchemical vessel for making 
the stone is the alchemist himself, who in a trancelike state can “mag- 
netically" draw in this ether and condense it into the stone, which is a 
“pure Ethereality of Nature" or "Light inspissate," an incorporeal agent 
of universal change and exaltation that dwells within and enlightens al- 
chemical adepts.*! As Atwood declares, “Man is the true laboratory of 
the Hermetic Art; his life the subject, the grand distillatory, the thing 
distilling and the thing distilled, and Self-Knowledge [is] at the root of 
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all Alchemical tradition.” In short, Atwood originated the notion that 
alchemy was a self-transformative psychic practice. 

For Atwood, the alchemical process involves self-purification and of- 
fers the alchemist exaltation to a “higher plane of existence.” The spiri- 
tualized adept not only controls the ether to produce the Philosophers’ 
Stone within himself but can also manipulate ordinary matter by the 
same forces and thereby transmute lead into gold by a psychic, rather 
than a physical, operation. She declares that everything—be it mineral, 
vegetable, animal, or spiritual—can be exalted within its own sphere by 
the same power and process. She makes the bold claim that “no mod- 
ern art or chemistry, notwithstanding all its surreptitious claims, has any 
thing in common to do with Alchemy."? Atwood’s advocacy of alchemy 
and repudiation of chemistry as “merely physical” thus reinforced the 
division between alchemy and chemistry promoted more than a century 
earlier. 

The source for Atwood's ideas lies not in late antique, medieval, or 
early modern alchemy but rather in her own time and place, specifically 
the English craze for Mesmerism during the 1840s. Franz Anton Mesmer 
(1734-1815), a Swiss physician active in Paris half a century earlier, had 
promoted a theory that an incorporeal fluid permeates the entire uni- 
verse, connecting human beings to one another and to the rest of cre- 
ation. The improper circulation of this fluid through the body causes 
illness, and certain individuals have the ability to control its flow using 
either their own bodies or magnets, thus acting as healers. The system 
came to be known as “animal magnetism,’ taking its name and some of 
its principles from contemporaneous studies of electricity and magne- 
tism which were then conceptualized scientifically as the movement of 
“imponderable fluids.” 

Mesmer's system was widely investigated in France, but with am- 
biguous results. In 1784 Armand Marie Jacques Chastenet, marquis de 
Puységur, while practicing Mesmer's magnetizing principles on a young 
man, induced a trancelike state in which the subject exhibited a new 
personality and was supposedly able to read the thoughts of those 
around him. Puységur called this state “magnetic somnambulism,” and 
it provoked huge debates that raged in scientific, medical, and popular 
circles in France for the next seventy years. In 1837, a French “magne- 
tizer” arrived in England and began to perform public demonstrations. 
Thereafter and throughout the 1840s, animal magnetism attracted 
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huge attention in Britain and spawned a flurry of debates, claims, and 
denunciations.** 

It is only within this historical context that Atwood's Suggestive 
Inquiry can be properly understood. The "ether" at the foundation of her 
reading of alchemy is the incorporeal fluid of Mesmer's animal magne- 
tism. The trancelike state necessary for the alchemist's self-purification 
and the concentration of the "matter" is the same as the "magnetic som- 
nambulism" reportedly achieved by the practitioners of Mesmerism and, 
Atwood adds, also by the ancient Greek devotees of the Eleusian mys- 
teries.” Analogously, in 1846 Atwood's father, Thomas South, possibly 
in collaboration with his daughter, published a small tract called Early 
Magnetism, in Its Higber Relations to Humanity as Veiled in tbe Poets and 
Propbets, which claims that the practice of Mesmerism is hidden allu- 
sively in the Homeric Hymns of ancient Greece. Besides bearing witness 
to the pair's enthusiasm for animal magnetism, this earlier tract also pro- 
vides a precedent for their reading of Mesmeric subtexts into histori- 
cal literature. It was after the publication of Early Magnetism that father 
and daughter began to read alchemical literature, becoming convinced 
that they found the same Mesmeric principles hidden there, and that the 
alchemists’ use of animal magnetism opened the way to extraordinary 
esoteric knowledge and practices. In Atwood's words, "Mesmerism, as 
it is mechanically practised in the present day, is a first step indeed, and 
this only before the entrance of that glorious temple of Divine Wisdom 
which a more scientific Handicraft enabled the ancients experimentally 
to enter, and from its foundation build up, as it were, a crystalline edifice 
of Light and Truth.” 

Of course, Atwood's claims about what alchemists were really doing 
have as much historical validity as the notion that the Homeric Hymns 
really describe animal magnetism. Her work provides a fascinating 
glimpse of ideas circulating in mid-nineteenth-century England, and de- 
velops alchemy (understood in a broad sense) in new directions. As a his- 
torical interpretation or description of pre-nineteenth-century alchemy, 
however, it is simply wrong. All the same, her concept of alchemical 
practice as a self-transformative process involving special psychic states 
and incorporeal agents launched a revival of interest in alchemy during 
the Victorian period, but—and this is a crucial point—largely within the 
context of a broader and widespread "occult revival" that swept Britain 
and the rest of Europe in the second half of the nineteenth century. 
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Modified versions of Atwood’s formulations (distanced from her reli- 
ance on Mesmerism) remain at the foundation of many popular views 
of alchemy today. Her division of alchemy into "exoteric" (the language 
of chemical operations) and "esoteric" (the hidden spiritual transforma- 
tions) was adopted even by many twentieth-century historians of sci- 
ence, who generally remained unaware of the origins of this division. 

A similar division of alchemy into an exoteric, physical language serv- 
ing to hide an esoteric, spiritual message was propounded independently, 
and just shortly after Atwood, by Ethan Allen Hitchcock (1798-1870), a 
general in the United States Army. His brief Remarks upon Alchymists pub- 
lished in 1855 attempted to show "that the philosopher's stone is a mere 
symbol signifying something which could not be expressed openly with- 
out incurring the danger of an auto da fé.” After an unfavorable review, 
Hitchcock issued the longer and more detailed Remarks upon Alcbemy 
and the Alchemists.’ Unlike Atwood's extravagant notions, Hitchcock's 
reading of alchemical texts is straightforwardly moral and Christian. He 
argues that alchemy is simply an allegorical description of the moral life. 
Like Atwood, however, Hitchcock asserts that the alchemists did noth- 
ing akin to chemistry, and that “Man was the subject of Alchemy; and 
that the object of the Art was the perfection, or at least the improvement, 
of Man. The salvation of man—his transformation from evil to good, or 
his passage from a state of nature to a state of grace—was symbolized 
under the figure of the transmutation of metals.: For him, the alche- 
mists quest was entirely religious. Philosophical Mercury represented a 
clean conscience free from immorality, and once obtained it led to the 
Philosophers’ Stone, which represented the consummate moral and holy 
life. Hitchcock believed that human improvement comes not by psychic 
exaltation to higher planes of existence but rather through the practice 
of true religion and morality. According to his thesis, the true nature of 
the alchemical quest was hidden in secrecy, owing to the “intolerance of 
the Middle Ages .. . known to every one," and he asserts that an “open 
expression of [the alchemists’] opinions would have brought them into 
conflict with the superstition of the time, and thus exposed them to the 
stake.” Unfortunately, he does not explain exactly how an exhortation to 
morality and piety would have been viewed as heretical.” 

Hitchcock interprets alchemical substances, theories, and operations 
allegorically, like a preacher unfolding a scriptural parable or a scholar 
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expounding literary imagery. In point of fact, seventeenth-century 
preachers did sometimes draw on contemporaneous chymical language, 
processes, and theories as metaphors when sermonizing on morality and 
spirituality. Themes such as purification and distillation readily lend 
themselves as moral or spiritual symbols, and some chymical writers 
themselves pointed to such connections (this topic will be covered in 
chapter 7). But while Hitchcock’s view of alchemy does overlap in this 
way with some historical precedents, his interpretation of alchemy as 
no more than moralizing allegory is incorrect. Nevertheless, Hitchcock’s 
ideas were frequently cited in the nineteenth century, and his notion of 
alchemy as a primarily religious quest persists widely today. 

The Victorian occult revival is too complex and remarkable a phenom- 
enon to be treated fully here. Nevertheless, the new versions of alchemy 
promoted by Atwood and Hitchcock played a key role in the movement, 
alongside magic, spirit invocations, séances, and the many other esoteric 
practices then in vogue.* These esoteric formulations were summarized 
in 1893 with the publication of The Science of Alchymy by William Wynn 
Westcott (1848-1925), the “Supreme Magus of the Rosicrucian Society 
in England, and Master of the Quatuor Coronati Lodge.”*! Westcott 
linked Western alchemy with his own “Hermetic” interpretations of the 
Kabbalah, alongside ideas derived from a broad range of sources, includ- 
ing grimoiric magic, Neoplatonism, Buddhism, and Hindu yoga. The 
inclusion of these latter two was undoubtedly provoked by the garbled 
Eastern mysticism of “Madame” Helena Petrovna Blavatsky (1831-1891) 
enshrined in the Theosophical Society she founded in 1875, of which 
Westcott was a member. In 1888, Westcott helped to organize the 
Hermetic Order of the Golden Dawn, a secret society that flourished for 
fifteen years. The group's seminal influence on the poet W. B. Yeats has 
been well established, but its wider influence on late Victorian society is 
only beginning to be fully recognized." Similar occult-oriented secret 
societies that included alchemy were founded in France and elsewhere 
in Europe 

By the end of the nineteenth century, the incorporation of alchemy 
into the broad spectrum of esoterica and the mythic history of se- 
cret societies had become a matter of course. A popular work on the 
Rosicrucians presented alchemical adepts as mysterious, ageless, semi- 
immortal wanderers endowed with knowledge and being far above that 
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of ordinary men, and the same was done in the Masonic context.** These 
nineteenth-century linkages to the (generically labeled) “occult” have 
remained strong in impressions of alchemy ever since. 

The most prolific Victorian author on alchemy was Arthur Edward 
Waite (1857-1942).*° He wrote over twenty books on occult topics rang- 
ing from Freemasonry and Rosicrucianism to devil worship and the 
tarot. In them, Waite criticizes both Atwood and Hitchcock for ignor- 
ing the alchemists’ practical laboratory work with material substances, 
whereby (according to Waite) they successfully produced a physical 
Philosophers’ Stone able to transmute metals.* He characterizes his own 
view as a "middle course”: the alchemists worked on physical processes, 
but these were only the corporeal manifestations of “a theory of Universal 
Development” that applied equally to human beings and to metals. This 
view once again repeats the exoteric/esoteric division that character- 
izes many late nineteenth-century views of alchemy. Calling alchemy 
both “physical mysticism” and “psycho-chemistry,’ Waite defines it as 
“a grand and sublime scheme of absolute reconstruction ... the divinisa- 
tion, or deification in the narrower sense, of man the triune by an influx 
from above.” Accordingly, he envisioned an “alchemical transformation 
of humanity” that would provide “the perfect youth to come” by calling 
forth “the unevolved possibilities of the body and mind of humanity." 
Thus, alchemy for Waite represents the means for a “spiritual evolution” 
of mankind as a whole into a higher form of being. 

After a flurry of Victorian-era publications, Waite published nothing 
more on the topic of alchemy for nearly thirty years until 1926, when he 
published his last book, The Secret Tradition in Alchemy. There he makes a 
surprising about-face and concludes that “between the age of Byzantine 
records and the age of Luther there is no vestige” of anything in the his- 
torical record showing alchemy to be other than a “record of experimen- 
tal physics." He gives the reader little indication of how, why, or when 
he changed his mind, or even that he changed it. His dramatic transfor- 
mation is one more mystery in the history of alchemy.” Yet his earlier 
writings proved far more influential—perhaps the most influential of all 
the many publications of nineteenth-century alchemy within occultist 
circles. 

The view of alchemy as a self-transformative, meditative, or psychic 
process operating on the alchemist himself originated in the nineteenth 


REDEFINITIONS, REVIVALS, AND REINTERPRETATIONS 101 


century but still has wide currency. Esotericists around the world have 
continued to develop these notions to the present day.” Features of the 
Victorian spiritual/occultist interpretation often remain the default un- 
derstanding of alchemy as a whole. The notions of a self-transformative 
or psychic alchemy obviously have inherent interest and importance as 
part of the long history of alchemy. However, the bistorical claims they 
make concerning the activities of alchemists of earlier eras are not valid, 
and so must be set aside if we wish to have an accurate understanding of 
alchemy during its golden age and before. 

This “spiritual” interpretation also spawned further new forms of 
alchemy. Perhaps most notably, it mingled with (and encouraged) the 
older and continuing tradition of practical laboratory chrysopoeia that 
harkened back to pre-eighteenth-century models. Francois Jollivet- 
Castelot (1874-1937) provides one excellent example. He continued the 
practical gold-making quest initiated by his immediate predecessor and 
colleague Albert Poisson, but hybridized it with esoteric themes drawn 
from the occult revival, partly through his associate Gérard Encausse 
(1865-1916), known as Papus, who founded several occultist organiza- 
tions in France. In 1896, Jollivet-Castelot founded (jointly with Tiffereau 
and others) the Société Alchimique de France, which published a 
monthly journal under his editorship from 1897 until 1914 and again 
from 1920 until Jollivet-Castelot’s death in 1937.°' 

His first book, How to Become an Alchemist (1897), combines an inter- 
est in practical metallic transmutation with such occultist topics as the 
tarot, and features a preface by Papus. It also expresses two concepts 
foundational for his view of alchemy. The first is the unity of matter, a 
restatement of ancient monism (accordingly, he used the ouroboros on 
the cover of many of his publications); the various chemical elements 
are actually all modifications of the same underlying stuff. The second 
is hylozoism, the idea that all matter is alive; it evolves and develops 
no less than animals and plants. Jollivet-Castelot carried out extensive 
transmutational laboratory experiments, using mercury, metals, arse- 
nic, antimony, and even the newly discovered radium. He considered 
himself in the vanguard of a new chemistry, the instigator of a new 
Chemical Revolution that would overturn the “misguided” one led by 
Lavoisier that brought forth the illusion of chemical elements. This “hy- 
perchemistry” of the future would be born from the union of modern 
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chemistry with the ancient knowledge expressed in alchemy and occult- 
ism. Jollivet-Castelot’s later works vigorously critique the scientific estab- 
lishment and attempt to organize a “synthesis of the occult sciences.”*” 
Jollivet-Castelot’s hybridization of practical laboratory work with oc- 
cultist ideas continued in the work of a significant number of twentieth- 
century figures, and his Société Alchimique was joined by analogous 
organizations in Italy, Germany, and England. The Alchemical Society, 
active in London from 1912 until 1915 and officially linked to the Société, 
included as its members a strikingly broad combination of chemists, 
historians, and esotericists (including all combinations thereof ). Its 
briefly active journal published an intriguingly diverse set of articles.” 
Undeniably, the years after 1900 mark another rapprochement of sorts 
between alchemy and chemistry. Once again, new scientific discoveries 
sparked a more sympathetic look at traditional alchemical claims. In this 
case it was the sequential discoveries, starting in 1896, of radiation, radio- 
activity, and elemental decay. As soon as elemental transmutation—by 
both the spontaneous decay of radioactive elements and the bombard- 
ment of lighter elements with radiation—became an established fact, oc- 
cultists as well as practically oriented seekers after chrysopoeia seized on 
these discoveries as a vindication of the entire alchemical tradition—a 
few going so far as to claim that alchemists must have discovered radio- 
activity centuries earlier. From the other side, even some sober chemists 
hailed the newfound element radium as “a modern Philosophers’ Stone,” 
because its radiations could transform one element into another.** 


Hallucinations and Projections: The Psychologizing View 


The spiritual/occultist view of alchemy also fed into another highly in- 
fluential interpretation: the psychological formulations of Swiss psycho- 
analyst Carl Gustav Jung (1875-1961). Jung claimed that alchemy “does 
not deal at all, or for the most part at least, with chemical experiments, 
but probably with something like psychic processes expressed in pseu- 
dochemical language.” Jung stated that the contents of the alchemist's 
psyche became unconsciously “projected” onto the materials in his ves- 
sels: “during the practical work, hallucinatory or visionary perceptions 
take place, which can be nothing other than projections of unconscious 
contents.” In other words, in the course of laboratory work, the alche- 
mists fell into an altered state of consciousness in which their uncon- 
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scious mind produced hallucinations indicative of mental contents, 
states, and activity, not unlike the images experienced in dreams. Thus, 
Jung claimed that alchemy was really a description of the unconscious, 
and that the alchemists’ “experience had nothing to do with matter in 
itself.” Alchemy's “true root” was to be found not so much in philo- 
sophical ideas and outlooks but rather in “experiences of projection of 
the individual researcher.”” 

Jung did not completely deny a role for laboratory experimentation 
in alchemy, but he asserted that the real object of alchemy was the trans- 
formation ofthe psyche. Since the psyche could project its contents onto 
any sort of matter, the actual substances employed by the alchemist were 
not crucial. Therefore, very few of the processes aiming to produce the 
Philosophers’ Stone (or much of anything else) contain, in Jung’s opin- 
ion, any recognizable chemical meaning. Alchemy’s allegorical language 
consequently arose not as a means of concealment but rather because 
these images were the way in which the unconscious projected itself 
onto matter. Accordingly, the many names given to the starting mate- 
rial for the stone arose from the fact that “projection derives from the 
individual, and is therefore different in each case.”°® Contrariwise, the 
unity of symbols, figures, and images that appear in alchemical writings 
led Jung to believe that they were expressions of a collective unconscious, 
a supposed universal hereditary legacy present in the psychology of all 
mankind, and in a sense the psychic analogue of inherited instincts. He 
thus claimed to explain both procedural similarities and widely diver- 
gent particulars within a single theory of the mind. 

Jung’s ideas bear similarities to those of nineteenth- and early 
twentieth-century occultists. Both share the perspective that alchemy 
is primarily not about material transformations but rather about psy- 
chic transformations within the alchemist. Both see alchemy primarily 
as a means of psychic development. Both claim that the alchemist’s true 
work occurs in an altered state of consciousness. This similarity should 
be no surprise; Jung studied Victorian occultism early in his career. His 
doctoral dissertation, On the Psychology and Pathology of So-Called Occult 
Phenomena, was based on the séances of his cousin Helly Preiswerk in 
which he participated. A. E. Waite's works, among others, circulated in 
Jung's Zurich Psychological Club in the 1910s. Jung also drew heavily 
from earlier studies of alchemical symbolism by Freudian psychologist 
Herbert Silberer.?? 
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Just as Atwood’s Suggestive Inquiry inspired a throng of followers who 
developed and modified her basic idea, so too did Jung’s formulations. 
Perhaps the most prominent offshoot was initiated by the comparative 
religionist Mircea Eliade (1907-1986) in the 1930s. Eliade, like Jung, 
was influenced by various occultist movements. Like both Atwood and 
Jung, he portrayed alchemy as something concerned primarily with self- 
transformation, and thought that alchemists experienced an initiatic ex- 
perience leading to “certain states of consciousness inaccessible to the 
uninitiated.” While the alchemist might busy his hands with chemicals 
and metals, his real quest concerned the soul. Eliade wrote that “the 
alchemist, while pursuing the ‘perfecting’ of the metal, its ‘transforma- 
tion’ into gold, pursued in fact his own perfection.”® Eliade also added 
the notion that alchemy was defined by a cosmic view of the world and 
everything in it as alive—a vitalistic or hylozoic view akin to ideas pro- 
moted by Jollivet-Castelot and his circle. Eliade’s views once again radi- 
cally separated alchemy from chemistry.*! 

Multiple modern alchemical strains come together in the influential 
work of Israel Regardie (1907-1985). During his youth, Regardie associ- 
ated with groups and figures deriving from the Golden Dawn, and later 
studied psychotherapy, which he practiced professionally thereafter. 
His 1938 The Pbilosopber's Stone combines the Jungian interpretation 
of alchemy with concepts drawn directly from the spiritual/occultist 
interpretation, simultaneously incorporating such diverse elements as 
Eastern mysticism, Kabbalah, hypnotism, and animal magnetism. His 
syncretic (some would call it undiscriminating) approach maintains 
that alchemical texts from the whole history of alchemy were simulta- 
neously chemical, spiritual, and psychological, but that their main pur- 
pose was to unite the “several constituents of consciousness” and to 
develop “an integrated and free man who is illumined."* In the 1970s, 
Regardie attempted to add the material aspects of alchemy to his synthe- 
sis by carrying out practical laboratory alchemy himself, with the result 
that he permanently damaged his lungs due to poor ventilation of the 
fumes produced. 

Jungs, Eliade's, and Regardie's formulations, as well as those from 
later works dependent upon them, continue to be maintained and pub- 
lished today—not only in a wealth of popular literature but also in some 
writings by historians of science and other academics. Nonetheless, these 
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claims about alchemy’s true nature are simply not supported by the 
historical record, and therefore—as influential as they were during the 
twentieth century in a range of contexts—they are now rejected by histo- 
rians of science as valid descriptions of alchemy. An array of scholars ap- 
proaching alchemy from many different disciplinary perspectives have 
come to the same conclusion.® 


Back to the Sixteenth and Seventeenth Centuries 


All the redefinitions and reinterpretations of alchemy described in this 
chaptersprangfromspecific historical contextsand currents. Accordingly, 
they need to be studied as products of their own eras. Although mistaken 
in terms of their historical claims about pre-eighteenth-century alchemy 
and alchemists, they nevertheless form an important part of the long 
history of alchemy, and proved influential to subsequent generations of 
artists, writers, and many others.° To be sure, these redefinitions and 
reinterpretations have significantly influenced the reading and histori- 
cal analysis of earlier materials. But a third alchemical revival currently 
in progress is now fundamentally revising our understanding of the sub- 
ject. What used to seem familiar is no longer so. 

The first alchemical revival—at the end of the eighteenth century—at- 
tempted to revive the practice and pursuit of chrysopoeia and chemia- 
tria along the same lines pursued during alchemy’s thriving golden age. 
It opposed the denigration that alchemy had suffered earlier in the cen- 
tury. The second alchemical revival—beginning in the mid-nineteenth 
century—presented radically new interpretations of what earlier alche- 
mists had really been doing. It attributed positive, self-transformative, 
and even grand and cosmic designs to the earlier alchemists, and as such 
can also be regarded as a response to the earlier vilification of the subject 
as foolish, fraudulent, or mercenary. The third alchemical revival—be- 
ginning toward the end of the twentieth century—is quite a different 
phenomenon, for it is taking place among historians of science and other 
academics.’ Its goal has been to use more careful and critical historical 
skills to achieve a more accurate understanding of what alchemists were 
actually doing and thinking (and why) during the many diverse stages 
of alchemy's long and dynamic development, from Greco-Egyptian an- 
tiquity to the present day. 
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In line with the goals of this currently ongoing alchemical revival, I 
now jump back in time to the sixteenth and seventeenth centuries, to 
take a fresh and unbiased look at the alchemists of that period in order 
to learn what they thought, what they were doing, and how they influ- 
enced the rest of their contemporaneous society and culture. 


> Enea * 


THEGOLDEN AGE 


Practicing Chymistry in the Early Modern Period 


y the end of the Middle Ages, alchemy was a mature subject thor- 

oughly established in Europe. The years from 1500 to 1700, known 
as the Scientific Revolution or the early modern period, witnessed its 
continuing expansion and development. Alchemy's central goals— 
achieving metallic transmutation, producing better medicines, improv- 
ing and utilizing natural substances, understanding material change— 
developed in many directions during this time. Aided by the printing 
press, introduced in the mid-fifteenth century by Johannes Gutenberg, 
alchemical texts appeared in greater numbers and guises, many of them 
intentionally secretive, using allegory, Decknamen, allegorical images, 
and dispersion to guard their secrets. Debates continued about alche- 
my s goals and promises, while new links to theological and philosophi- 
cal concepts were forged. Theories to explain results and guide practical 
research proliferated, and the number of practitioners increased sub- 
stantially. The result of such explosive growth has been twofold. First, 
alchemical ideas and practices expanded their cultural reach into an 
ever-widening array of thinkers and doers. Second, the burgeoning 
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diversity of alchemy makes writing a comprehensive account of its early 
modern history virtually impossible, or at best premature, for alchemy 
diversified into so many facets that many remain to be explored.’ 

The following chapters therefore cover only a representative slice 
of early modern alchemy, focusing mostly on its two central goals: me- 
tallic transmutation and pharmaceutical medicine. These two topics 
did not constitute the entirety of the subject at that time, but together 
they do represent a majority of it. The next two chapters illustrate how 
chrysopoeia and chemiatria were grounded in coherent theories and 
observations, and demonstrate that many alchemical workers were 
astonishingly good experimentalists. This chapter presents the basic 
principles, goals, and assumptions of early modern alchemists. If you 
were a seventeenth-century alchemist, what did you know, do, and try 
to achieve? The next chapter reveals their actual practices, using care- 
ful interpretation of allegorical images and laboratory replications to 
reveal what lies behind secretive and seemingly impossible claims, in- 
cluding several about the Philosophers’ Stone itself. 

The interplay between theory and practice in early modern alchemy 
must be stressed. It is sometimes assumed that alchemists worked more 
or less “empirically,” that is to say, rather haphazardly and without the- 
oretical principles or critical observation. The reinterpretations of al- 
chemy covered in chapter 4 all reinforce this impression by distancing 
alchemy from chemistry—separating it from serious, investigative labora- 
tory work with physical substances—and thus from the history of science 
more generally. This outlook is mistaken. Early modern alchemy was an 
endeavor of head and hand, a meeting of theory and practice. It involved 
exploring, understanding, and manipulating material transformations in 
the natural world. It is fully a part, indeed a crucial part, of the history of 
science.’ Previous chapters have described the synonymity of the words 
alchemy and chemistry before the eighteenth century, and the chemistry 
hidden within several simple alchemical processes, thereby helping to 
pull these terms back together. As a reminder of this point, I will now 
increasingly use the words chymistry and chymist. 


The Basics: Metals and Metallic Transmutation 


Seventeenth-century chymists, like their medieval predecessors, recog- 
nized seven metals: gold, silver, copper, iron, tin, lead, and mercury.* 
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They called two of them—gold and silver—“noble” because of their re- 
sistance to corrosion, their beauty, and their rarity. They labeled the 
remaining five base or “ignoble” metals. These chymists conceptualized 
metals as compounds, whereas we now know them to be elements. This 
compound nature meant that one should be able to separate metals into 
their constituent ingredients, although by the seventeenth century there 
was considerable difference of opinion about what those constituents 
actually were. Many continued to hold that metals were composed of 
differing proportions and/or qualities of the two ingredients Mercury 
and Sulfur, a concept dating to the Islamic Middle Ages. Figure 5.1 illus- 
trates the formation of metals underground from the rising subterranean 
fumes of Mercury and Sulfur. Others adopted a newer view attributed 
to Paracelsus (see below) that postulated three ingredients—Mercury, 
Sulfur, and Salt. Still others, adhering more closely to Aristotelian ideas, 
claimed that all metals (or all substances) were composed of a single, 
common “prime matter’ (materia prima) that could be endowed with 
different “forms.” Prime matter itself had no qualities of its own and gave 
only substance and quantity, while the form provided all the qualities 
(color, hardness, and so forth) of the specific material. For Aristotle, 
prime matter was a concept rather than something that could be put 
into a bottle—it did not literally exist on its own. Chymists, however, 
who were more focused on actual laboratory practice, tended to view 
prime matter more tangibly and in more material terms. Prime matter 
for them, if it could be isolated, offered a kind of material blank slate 
on which any form might be imposed, thereby producing any desired 
substance. 

Several other, less widespread systems coexisted with these formu- 
lations. The key point to remember is that the concept of metals as 
compound bodies undergirded the possibility of metallic transmuta- 
tion. Altering the proportions, qualities, or pattern of composition of 
the component ingredients should alter the metals, changing one into 
another. 

Belief in metallic transmutation also rested on observational evi- 
dence: it appeared to be a naturally occurring process. In mines, metals 
are rarely found in a pure state; lead ores almost always contain some 
silver, and silver ores contain some gold. This well-known observation 
suggested that base metals were constantly being transformed naturally 
underground into more noble ones, as their compositions were slowly 
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EX SVLPHYRE ET ARGENTO VIVO, 
vt natura , fic ars producit me- 
tala, 


$ 


Figure 5.1. St. Thomas Aquinas (incorrectly thought to have written alchemical 
texts) points to the formation of metals underground from the combination of 
the exhalations called Mercury and Sulfur. The motto reads: “Just as nature 
produces metals from Sulphur and Mercury, so too does art.” 

From Michael Maier, Symbola aureae mensae duodecim nationum (Frankfurt, 1617), 
p. 365. By courtesy of the Department of Special Collections, Memorial Library, 
University of Wisconsin— Madison. 


altered by the action of subterranean heat and water. Over hundreds 
or thousands of years, percolating groundwater slowly washed away the 
interfering impurities found in the base metals, while the gentle heat of 
the earth gradually cooked and digested the baser metals into the better 
decocted, more stable, and perfectly united composition characteristic 
of nobler metals. Therefore, the chrysopoeian needed only to find a way 
to do aboveground and quickly what nature was always doing under- 
ground and slowly. 
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Already in antiquity, each of the seven metals had become linked 
to a particular planet. If we include the Sun and Moon as planets (as 
pre-Copernican astronomy did) there are seven planets, just as there 
are seven metals (see chart below). The correlations between each pair 
varied somewhat during the first centuries of alchemy, but had become 
fixed by the time of Latin alchemy.? The origins of some connections are 
obvious: the two noble metals, for instance, are linked to the two major 
luminaries—gold with the Sun and silver with the Moon—on the basis 
of brilliance, color, and relative worth. Other pairings are less obvious. 
Iron is linked to Mars, probably because iron (in the form of armor and 
weaponry) is naturally associated with the god of war. It is ironic that 
in modern times the observable color of the Red Planet has been found 
to be due in fact to iron compounds. Copper is paired with Venus, since 
the goddess's home and the richest ancient copper mines were both on 
Cyprus—the island that accordingly provides the Latin word for "cop- 
per," cuprum. 

Early modern chymists did not necessarily consider these links be- 
tween the metals and the planets to be other than symbolic or analogi- 
cal, though a few did suggest that planetary influences played a role in 
the formation of the corresponding metal under the earth. Partly based 
on the correlation between the seven planets and the seven metals, the 
greatest of the naked-eye astronomers, Tycho Brahe (1546-1601) —who 
maintained a chymical laboratory in his Danish castle-observatory 
named Uraniborg—referred to chymistry as "terrestrial astronomy" or 
"astronomy below.” This relationship between "astronomy above" and 
"astronomy below" echoes the Emerald Tablet—“as above, so below"— 
tersely expressing the interconnectedness of nature as seen by early 
modern eyes. 


Gold Sun ©) 
Silver Moon » 
Copper Venus e 
Iron Mars á 
din Jupiter 2 
Lead Saturn b 
Mercury Mercury 9 
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Each pair of planets and metals was given a shared symbol, and chy- 
mists regularly used the planetary names to refer to the metals. Copper 
was often simply called Venus, and lead Saturn. Most chymists—not just 
those interested in chrysopoeia—used this nomenclature into the eigh- 
teenth century. It is curious to note that the old planetary name Mercury 
persists to this day as the official English name of the element we really 
should be calling quicksilver. Why mercury should be the lone survivor 
of the planetary nomenclature of metals remains an open question, al- 
though the centrality of this anomalous liquid metal to so many chymi- 
cal theories may be part of the answer. 


Metallic Transmutation: Particularia and Anomalous Metals 


Early modern chymists interested in transmutation—which means most 
of them, to one degree or another—had two pathways to pursue: the par- 
ticular and the universal. The particular method focused on a potentially 
enormous number of transmuting agents of various potencies and abili- 
ties, called particularia. The name, meaning “particulars,” comes from the 
fact that these substances could transmute only particular base metals 
into silver or gold. Thus, one particular would turn copper into silver, for 
example, but would have no activity toward the other metals. The im- 
plicit contrast is with the universal transmuting agent, the Philosophers’ 
Stone, able to turn any base metal into gold or silver. Particulars had the 
advantage of being supposedly easier to prepare, but this benefit was 
offset by their specificity and low potency. Accordingly, some chryso- 
poeians tell their readers not to bother with particularia, because the 
amount of gold or silver produced does not recompense the labor and 
materials involved. Nevertheless, many other chymists discuss them ex- 
tensively, and one well-organized but anonymous proponent even pro- 
vides his readers with balance sheets of the cost of materials versus the 
potential gross and net profits to be obtained from the manufacture and 
use of various particularia.® 

The famous English chymist Robert Boyle (1627-1691) compiled reci- 
pes for particularia into collections he called his “Hermetic Legacy.” In 
the preface to one such collection, he wrote that “the greatest number of 
Particulars are not considerably Lucrative unles made in great quantitys, 
yet there are some that being skilfully wrought, even in small quanti- 
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tys, may enable a poor and industrious Artist especially if he be a sin- 
gle man to get a Livelihood, tho not to grow rich.” Thus, Boyle saw the 
low transmutational potency of particulars as a virtue, because “these 
meaner particulars requiring many hands, Materials & Instruments to 
carry them on with profit will set many poor people at work & thereby 
relieve great numbers enabling them, or at least assisting them, to get 
maintenance for themselves & their distrest familys.” In other words, 
metallic transmutation by means of particulars might spawn alchemical 
"cottage industries —legions of the poor industriously applying them- 
selves to chrysopoeia and thereby gaining a modest livelihood. Although 
Boyle's philanthropic dream of alchemical poor relief was never realized, 
it serves as a reminder that early modern alchemy was not only an intel- 
lectual endeavor for scholars who theorized and wrote books about the 
subject. It was pursued also in less sophisticated forms by various arti- 
sans, entrepreneurs, and many others hoping for profits. 

There was no uniform method or theory behind particulars. Most 
were supposed to be melted together with silver or a base metal to bring 
about transmutation. Others were to be fused with gold to produce a 
greater quantity of gold, a process known as augmentation or multiplica- 
tion. In some cases these procedures may have worked by producing an 
alloy that could pass for pure gold. Yet other particulars were corrosive 
solvents (called gradators) supposedly able to transmute part of a metal 
dissolved in them. Some other solvents, by dissolving only one compo- 
nent of a metal rather than the whole metal, produced "modified met- 
als"—strange metallic substances unlike any natural metal. In this way, 
some chrysopoeians endeavored to extract a "tincture" from gold that 
contained all the metal's characteristic color, leaving behind an anoma- 
lous white metal. Chymists considered this tincture the separated Sulfur 
of gold, sometimes called the anima auri, or "soul" of gold. This tincture 
was then to be used to "tinge" a white metal into gold. Some considered 
this material che sought-after potable gold, a powerful liquid medicine— 
perhaps a universal panacea—supposedly prepared from gold.'? The 
problem with medicinal preparations of gold is that they decompose 
back into gold very easily—the sign of true potable gold, however, was 
that it could not be turned back into gold, because the gold had been 
sufficiently "dissected" to preserve only its therapeutic part. The anima 
auri was just such an extracted component of gold. 
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Several writers claimed success with such a process, but other chymists 
objected, pointing out that this method of transmutation by “transplan- 
tation" of the Sulfur of gold was useless from a financial standpoint, in 
that it required the destruction of as much gold to obtain the tincture as 
the tincture itself would produce." In a similar operation, the influential 
Flemish chymist and physician Joan Baptista Van Helmont (1579-1644) 
claimed that he had extracted a green oil from copper that left behind 
an anomalous "white copper." This experiment was part of the reason 
Van Helmont concluded that there must be two Sulfurs, one "interior" 
and one "exterior," in the composition of metals. If his extraction had 
succeeded in removing all the Sulfur of copper, the residue should have 
been a liquid Mercury, but the fact that a solid white metal remained be- 
hind indicated to him that there must be a more "interior" Sulfur, harder 
to extract, that keeps the Mercury of copper in the form of a solid (but 
white) metal. The exterior Sulfur provides only the color of the metal. 

The modern reader who knows that metals are elements might won- 
der what these chymists were actually doing. A satisfying answer is hard 
to find. It would be easy—in fact too easy—to dismiss the accounts of 
anomalous metals as intentional frauds or the products of overactive 
imaginations. Some of these reports may be on the order of thought ex- 
periments—that is, illustrations of what should happen given prevailing 
chymical theories. But some accounts seem more concrete, such as the 
case of luna fixa made by the chymist George Starkey (1628-1665) in 
the 1650s.? Luna fixa was supposed to be a white metal having the ap- 
pearance of silver, but displaying all the other properties of gold—great 
density, high melting point, resistance to corrosion by nitric acid, and so 
forth. Several witnesses privately recorded that they watched Starkey 
produce this anomalous metal, and that goldsmiths found the metal to 
test like gold. Moreover, these goldsmiths bought the strange metal from 
Starkey at forty shillings an ounce, more than eight times the price for 
silver at the time. What did Starkey produce? It is virtually impossible to 
say. But a white metal heavy as gold and resistant to nitric acid recalls the 
properties of platinum and related metals. Given the surprising ability of 
industrious early modern chymists to isolate substances present in only 
low concentrations, is it possible that Starkey acquired a sample of ore 
or other metallic materials naturally containing small amounts of such a 
metal and succeeded in separating it? 
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How to Make tbe Philosophers’ Stone: Getting Instructions 


Most aspiring transmuters aimed beyond particulars toward the 
Philosophers’ Stone. When rightly prepared, the stone was supposed to 
have such extraordinary potency that it could convert thousands, even 
hundreds of thousands, of times its weight of any base metal into gold. 
Two major hurdles stood in the way of those seeking the stone: identify- 
ing the correct material(s) with which to begin, and then finding the 
correct practical operations for turning such material(s) into the stone. 

Pursuing answers to these two fundamental questions was the main- 
stay of any stone-seeking chymist. There were several ways to get started. 
One was to run across, or more often to be approached by, someone with 
a recipe to sell. Obviously, this method of gaining information provided 
ample room for deceitful dealings, so two words could be used to sum 
up this state of affairs: “Caveat emptor” (Let the buyer beware). A rec- 
ipe that seemed too good to be true probably was. Nevertheless, some 
vendors probably believed in all honesty that they possessed a workable 
recipe, but did not have the means to undertake what was typically a 
lengthy and expensive process to verify its legitimacy.'* Such recipes, 
along with the services of their owner, were frequently offered to would- 
be patrons, usually rulers or wealthy private individuals. 

The trade in recipes for transmutation (and for virtually everything 
else in chymistry) was brisk throughout the early modern period. Across 
Europe, recipes passed from hand to hand and were exchanged in let- 
ters, by word of mouth, and in manuscript collections. Although modern 
scholarly attention tends to focus on the more theoretically rich exposi- 
tions published in books by scholars, it is important to understand that 
in any census of early modern chymical manuscripts, collections of mis- 
cellaneous recipes and processes will usually be found to predominate. 
Most early modern writers of learned texts were themselves collectors 
and traders of various chymical receipts. They served as important means 
of exchanging chymical information, results, methodologies, and ideas. 

Empirical experimentation provided another option in the search 
for the Philosophers’ Stone. Such investigation—ideally enlightened by 
practical experience and extensive knowledge of the properties of vari- 
ous materials—could prove to be a virtually endless labor given the va- 
riety of materials and potential pathways to be examined. Hence, the 
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ancient Hippocratic statement about the art of healing came to be ap- 
plied as well to alchemy: “Ars longa, vita brevis” (The art is long, but life 
is short).? Nevertheless, the enormous number of possibilities could be 
greatly reduced with educated conjectures based on observations and 
on theoretical considerations. Accordingly, most early modern seekers 
after transmutation did not cook up witches’ brews of anything and ev- 
erything that came to hand, hoping thereby to stumble upon the stone. 
Serious investigators guided their work with the theories and knowledge 
oftheir day, similar to the way that experimental and industrial chemists 
of today guide their own researches. 

Another method involved searching in books. The relationship to texts 
marks an important difference between early modern chymists and their 
modern counterparts. Seekers after transmutation invested the texts of 
the "adepts" (those who claimed success in making the Philosophers’ 
Stone) with greater authority and treated them with greater patience 
than a modern scientist would ever do with his colleagues’ publications. 
Because chrysopoeians believed that these adepts had actually prepared 
the stone and that their cryptic writings contained hidden clues to the 
process they used, careful textual study formed an essential and substan- 
tial part of their search. Of course, no book ever provided a straightfor- 
ward "recipe" for making the Philosophers’ Stone. The various methods 
of secrecy employed meant that every text required close and patient 
interpretation, and that every step was potentially a misstep. As the 
pseudo-Arnald of Villanova wrote, "I shall speak such that I may deride 
the fools and teach the wise." Nevertheless, books and manuscripts 
promised clues to finding the right process—if only they could be prop- 
erly interpreted. Thus, it was with a combination of textual study and 
practical experimentation that aspiring adepts endeavored to prepare 
the stone. 

Chrysopoetic authors commonly claimed that "all che adepts say one 
thing," meaning that regardless of apparent differences of expression, all 
authentic authors agree on how to make the Philosophers' Stone. This 
viewpoint encouraged the production of the florilegia and compendia 
which juxtaposed quotations from various authors. It likewise inspired 
Sir Isaac Newton (1642-1727), an avid seeker after the secrets of alchemy, 
to compile his enormous "Index chemicus” in an attempt to piece to- 
gether the entire secret by collecting and grouping together similar 
terms and expressions found in over a hundred books.'? Nevertheless, in 
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reality there existed considerable disagreement over the correct mate- 
rial to take in hand and what to do with it. Chrysopoeians can, in fact, 
be classed into various "schools" based on their opinions about the right 
starting material? Unfortunately, some modern accounts have taken 
chymical writers too literally, and exaggerated chrysopoeia's homogene- 
ity and consistency over time and place. This misapprehension gives the 
impression of a monolithic, static—even fossilized—discipline mired in 
repetition from one generation to the next. Such a portrait is far from 
the historical truth, as we've already seen in the previous chapters. While 
a careful reading of original texts does indicate points of commonality, 
it also reveals a broad diversity of approaches, theories, and practices. 
It also shows that ideas and methods evolved in response to practical 
experience. 

There was yet another resort for those frustrated with experimenting 
and reading. Some chrysopoeians hoped to contact a more immediate 
higher authority to reveal the secret they desired. In the most mundane 
cases, this meant finding an adept willing to teach them. According 
to the legend surrounding the pseudo-Lull, Abbot Cremer, frustrated 
by the fact that "the more I read, the more I erred,” traveled through 
Europe in search of an adept, ultimately encountering Lull in Italy.” The 
legend surrounding Nicolas Flamel claims that he, unable to decipher 
the meaning of an emblematic alchemical book, went on a pilgrimage 
to Spain to seek a knowledgeable person who could explain its meaning 
to him.?' Indeed, travels to gain knowledge became a stock feature of 
fictional alchemical autobiographies. Yet seeking the advice of an adept 
is not restricted to fiction. Robert Boyle, for example, made numerous 
inquiries to his visitors and through his correspondence about the secret 
oftransmutation. In 1678, he eagerly awaited the fulfillment of a promise 
that he would be inducted into a secret international society of adepts 
who would share their knowledge with him. Unfortunately, his high 
hopes were dashed, either because the castle in which the adepts were 
meeting was blown up by a bomb or because the whole affair was an 
elaborate confidence game.” 

Other aspiring chrysopoeians aimed yet higher, attempting to con- 
tact angelic spirits or praying for divine revelation. Elizabethean math- 
ematician John Dee (1527-1608), during his famed conversations with 
angels carried out through the medium of Edward Kelley, did not fail 
to inquire about the Philosophers’ Stone, and Boyle himself recounted 
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stories of contacting spirits where the topic of how to make the stone 
featured prominently.? The latter even suggested that angels and the 
stone bore some special affinity for each other. Many, and perhaps most, 
published chymical authors recommended prayers of petition, along- 
side diligent practical work with texts and furnaces, as one technique for 
gaining knowledge. This recommendation would have been natural for 
anyone in early modern Europe undertaking a difficult or important en- 
deavor. Heinrich Khunrath (1560-1605) advocated not only prayer but 
also steps to contact angels and to provoke revelatory dreams. (The rela- 
tionship between alchemical knowledge and the divine will be covered 
in more detail in chapter 7.) 

Such methods, however, had their potential dark side. For some ob- 
servers, dabbling in supernatural means of gaining knowledge was illicit, 
for it risked delivering the seeker not into the safe harbor of angelic as- 
sistance but into the damning power of demonic entities. Jesuit poly- 
math Athanasius Kircher (1601/2-1680), while highly positive about the 
power and utility of chymistry in general, worried about the pursuit of 
metallic transmutation. To his mind, the task was so difficult that after 
years of fruitless labors, the frustrated chymist would inevitably turn to 
any source of help, including demons.” His earlier colleague, Martin Del 
Rio (1551-1608), believed that while “human industry and zeal” could 
in fact uncover how to make the Philosophers’ Stone, in some instances 
such knowledge might be acquired by means of a shortcut with “the 
devil as teacher." In short, long-term frustration and unchecked desires 
opened the door for demonic entities to take advantage of an obsessed 
chymist. This concern was voiced as early as 1396, when the inquisitor 
Nicolas Eymerich suggested that alchemists “easily fall into attaching 
themselves to and consulting with evil spirits . . . just as astrologers are 
much disposed to invoking and consulting demons when they are un- 
able to accomplish what they desire.”*° 


How to Make the Philosophers’ Stone: Choosing Starting Materials 


Most early modern chrysopoeians argued that since the goal of transmu- 
tation is to alter metals, it is necessary to begin with metals or metallic 
minerals. Mercury, whose liquidity marks it out instantly as a curiosity, 
garnered great attention. Gold was high on the list as well, at least theo- 
retically, but its cost and lack of reactivity made it less attractive practi- 
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cally. The semi-metal antimony, with its curious chemical properties, its 
odd status of being “almost” a metal—it is shiny and fusible like a metal, 
but as brittle as glass and evaporates in the fire—and its ability occasion- 
ally to produce a mysterious “star” pattern on its surface during produc- 
tion, provided a perennial favorite (see plate 3). Some texts claimed that 
salts offer the correct starting point; some chose vitriol (iron or copper 
sulfate) and some, following the lead of the early seventeenth-century 
Polish alchemist Michael Sendivogius, focused their attention on niter 
(also called saltpeter or, in modern terms, potassium nitrate) or some 
more generalized “nitrous substance." 

A few seekers wandered outside the mineral realm into the vegetable 
or animal kingdoms. The Jabirian corpus had much earlier advocated the 
use of organic substances, and some of the earliest Latin authors followed 
suit. Eggs, hair, blood, and other organic substances were named as pos- 
sible starting points; Roger Bacon advocated this route in the thirteenth 
century. But by the fifteenth century, nonmineral approaches had been 
widely rejected, even ridiculed, by most chymical authors.” Still, the use 
of organic materials persisted in some quarters. It was probably while 
trying to make the Philosophers’ Stone that Hennig Brand discovered 
the element phosphorus in the 1660s by strongly distilling residues from 
human urine. Among less theoretically sophisticated workers (of which 
there was never a shortage) there remained a focus on excrement—both 
urine and feces—which at least had the advantage of being starting ma- 
terials easy and cheap enough to acquire in large quantities in the streets 
of early modern Europe. The use of excrement as a starting material 
stems from an ancient axiom that the material of the Philosophers’ Stone 
“is of cheap price and found everywhere" and “is trodden underfoot.”” 
Already in the fourteenth century, John of Rupescissa roundly criticized 
those who interpreted the axiom to mean excrement: “The matter of the 
Stone is a thing of low price, findable everywhere ... and many crude 
people [bestiales], not understanding the meaning of the philosophers, 
have sought it literally in feces.” 

The confusion resulting from Decknamen aggravated disagreements 
over the proper starting materials. When a respected author cites the 
metal lead (for instance) as the place to start, what does he really mean: 
actual lead, or some other substance merely called “lead”? Thus, the 
“schools” just mentioned could not maintain clear or permanent bor- 
ders. For example, the interest in vitriol as a starting material stems in 
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Figure 5.2. An emblem of the Philosophers' Stone with the vitriol acrostic as motto. 
From Von den verborgenen philosophischen Geheimnussen (Frankfurt, 1613). 


part from sixteenth-century advice in the form of the motto Visita inte- 
riorem terrae rectificando invenies occultum lapidem (“Visit the interior of 
the earth and by rectifying you shall find the hidden stone”), an acros- 
tic that spells out VITRIOL (see fig. 5.2).*' But does vitriol always mean 
vitriol? When Johann Rudolf Glauber (1604-1670) used the motto, he 
thought it did. On the other hand, the motto is sometimes connected 
(erroneously) with writings attributed to the mysterious Basil Valentine. 
Some writings under this name do stipulate real vitriol for the first steps 
in producing the Philosophers Stone, but others use the word vitriol in 
such as way that it must be a Deckname for “antimony ore.”” With the 
benefit of historical insight, we can attribute some of this discrepancy 
to the multiple authorship within the Valentine corpus, but original 
readers expended massive efforts in trying to understand and harmonize 
contradictory utterances such as these. Getting sources to agree—not 
just those by a single author but also those by multiple authors—was a 
time-consuming and frustrating process, yet one crucial to the practice 
of early modern alchemy. 
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It became a common exercise for later authors to reinterpret earlier 
ones to show that what they “really meant” supported the present in- 
terpreter's own ideas. Thus, an author promoting metals as the correct 
starting material might reinterpret Sendivogius's mention of niter to im- 
ply not the salt usually meant by that name but some "nitrous principle" 
found within a particular metal. A particularly difficult Deckname might 
provoke a series of interpretations that continually varied over time, 
depending on experimental results and an author's own commitments. 
The fifteenth-century chrysopoeian and Augustinian canon George 
Ripley, for example, wrote that "sericon" was the crucial starting mate- 
rial for the Stone—but what on earth was sericon? Some of the earliest 
texts imply that it was a lead oxide, probably litharge or red lead, while 
later readers—perhaps urged by the failure of lead oxides to produce 
the desired results—began to interpret it as a host of other substances.? 
Reinterpreting earlier writings sometimes required attributing secrecy 
and deception to authors who had no such intent. The Scholastic Geber, 
for instance, is remarkably clear and straightforward, but by assuming 
that he was more ambiguous and secretive than he really was, later au- 
thors could interpret him to justify a broad range of ideas that Geber 
certainly never had in mind. The result is that the "right meaning" of 
texts constantly slips out from under the feet of their interpreters. Stable 
places to stand while seeking the Philosophers’ Stone can seem as hard 
to come by as a resting place for the boulder of Sisyphus. 

The number of ingredients to use also provided a subject for debate. 
Many writers emphasized that only one thing was to be used—but the 
briefer and clearer the direction, the more open it was to interpretation. 
"One thing" might mean not "one substance" but rather "one class of 
substances" or “one mixture." Likewise, the basic substratum of all mate- 
rial objects—whether the prime matter of Aristotelians, the primordial 
chaos of Genesis 1:1, the water of Thales, or various other quasiphysical 
substances—could be considered "one thing." Thus, "one thing" could 
be cleverly (or deceptively) expanded into any number of discrete sub- 
stances, since everything shares one single, ultimate, fundamental "stuff." 
Hence to say that the stone is made from one thing alone might be no 
more than a restatement of monism, which is of no help for practical 
work. 

Most advice on making the stone, however, involved combining two 
substances (at least at the crucial stage). The early Rosarium philosophorum 
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describes a binary mixture composed of two things variously labeled as 
King and Queen, Sun and Moon, or Gabritius and Beya. When the in- 
gredients for the stone are not personified, the terms Mercury and Sulfur 
are most commonly used, and are sometimes specified as special (that 
is, neither the common substances by that name nor the components of 
the metals) by being termed Philosophical Mercury and Sulfur. The two- 
ingredient starting material sometimes goes under the name of rebis, 
from the Latin for “two-thing.” 

From a logical and practical standpoint, a binary mixture makes sense, 
since new substances generally arise from the interaction of two differ- 
ent materials rather than the transformation of just one. The combina- 
tion of two substances also lends itself readily to analogy with biological 
sexual reproduction, where two parents are required.” In making the 
Philosophers’ Stone, the hot-dry quality of Sulfur represents a “male” ele- 
ment, and the cold-wet of Mercury represents the “female.” The binary 
analogies extend further, however. Common sulfur coagulates common 
mercury into solid cinnabar (mercuric sulfide, HgS), just as the dry Sulfur 
principle coagulates the wet Mercury principle into metals, or male 
semen coagulates female menstrual blood into a fetus. For chymical 
writers, Sulfur and Mercury represent a pairing of complementary prin- 
ciples: solid-liquid, dry-wet, coagulant-coagulated, form-matter, active- 
passive, and so on. Indeed, the terms Mercury and Sulfur must be seen 
as referring to two groups of substances (real or theoretical) identified 
by their reactivity toward each other. Similarly, modern chemists label 
mutually reactive substances with binary categories such as acid-base or 
oxidant-reductant. Strictly speaking, nothing is an acid in isolation, only 
in terms of its reactivity toward another substance that acts in the role 
of a base. One key difference of course is that modern chemists do not 
use this system to be intentionally obscure or misleading, although some 
introductory chemistry students might think otherwise. 

Other numbers of ingredients also appear. George Ripley's widely 
read composition in rhyming verse, the Compound of Alcbymie, seems to 
stipulate a mixture of three substances, and even gives their proper ratios 
to one another: 


One of the Sonn, two of the Moone, 
Tyll altogether lyke pap be done. 
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Then make the Mercury foure to the Sonne, 
Two to the Moone as hyt should be, 

And thus thy worke must be begon, 

In fygure of the Trynyte.”® 


Ripley adds further to the confusion by implying that there are in fact 
three different mercuries required for the work!” 


How to Make the Philosophers’ Stone: Women's Work 
and Children's Play 


Compared with the overwhelming ambiguity surrounding the starting 
material(s), there was—at least by the early modern period—consider- 
able agreement about the general method for turning such material(s) 
into the Philosophers Stone. The prepared substance or mixture is 
placed in a glass vessel with an oval body and a long neck, often called 
the philosophical egg (ovum pbilosopbicum) on account of both the size 
and the shape of its belly, and its function in "giving birth" (again recall- 
ing metaphors of reproduction) to the stone. The hopeful chrysopoeian 
then seals the neck of the flask to prevent the loss of volatile materials. 
This airtight closure of the vessel, often carried out by melting the sides 
of the neck together, was called the "seal of Hermes," in reference to 
alchemy's legendary founder. (The memory of this very practical step 
in making the Philosophers Stone remains alive today in the expression 
“hermetically sealed.”) The sealed “egg” is then placed in a furnace and 
heated (the correct temperature is another source of consternation). 
Heating sealed vessels is generally a bad idea, since there is no provi- 
sion for the release of pressure as the enclosed air expands upon heating, 
and certainly there are many accounts of exploding apparatus (plate 2). 
This problem was even worse in the early modern period, since the glass 
vessels of the time were made with very thick walls and therefore more 
prone to cracking and thermal shock. 

If che material has been rightly chosen and prepared, and a detona- 
tion avoided, in thirty to forty days the enclosed substance will turn 
black. Black, the first of the "primary colors" of the stone, was called the 
“head of the crow" (caput corvi), the “blackness blacker than black" (ni- 
gredo nigrius nigro), or simply nigredo, among many other names. This 
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color marks not only the “death” and putrefaction of the substance but 
a happy sign that the procedure was correct. The Rosarium philosopho- 
rum, quoting Arnald of Villanova, exhorts, “When you see your matter 
turning black, rejoice: for that is the beginning of the work.” From this 
point onward, the continued application of heat carries the stone to- 
ward completion without the chymist doing anything but regulating the 
fire. Hence, this part of the process was sometimes called “women’s work 
and children’s play.” But this duty in itself—like “women’s work” in the 
early modern period—actually constitutes an enormous burden of labor, 
given the need to keep the heat constant for months at a time. Today, 
we do this effortlessly with the flick of a switch thanks to electricity and 
thermostats. The early modern chymist had only carefully sized pieces of 
charcoal added at regular and frequent intervals day and night, and the 
manipulation of the air vents on brick or iron furnaces, to maintain and 
control the heat. In an age before thermometers, the chymist had to rely 
on touch, sight, and smell to gauge temperatures. 

Upon continued heating, the blackness is supposed to recede over 
the following weeks, replaced by a multitude of short-lived and often- 
changing colors, called the “peacock’s tail” (cauda pavonis). Gradually, 
the semiliquid mass grows lighter and lighter, finally becoming a bril- 
liant white, the second of the primary colors of the Philosophers’ Stone. 
This whitening, albification, or albedo, marks the completion of the 
White Philosophers’ Stone or White Elixir—a station on the way to the 
complete stone. At this point, the (now presumably very happy) chryso- 
poeian has the option of opening the vessel and removing some or all of 
the white material. After certain further treatments, including the addi- 
tion of silver, this White Stone becomes capable of transmuting all base 
metals into silver. 

Reaching the ultimate goal of the work, however, demands continued 
heating beyond the white stage. Most writers suggested increasing the 
heat gradually at this point, whereupon the white material turns yellow 
and then darkens to a deep red. The material has now, at last, advanced 
to its final stage and color, the Red Philosophers Stone or Red Elixir. 
Once the long process of incubating the stone is complete, the flask can 
be broken open and the stone removed. As with the White Stone, a few 
more operations are necessary. The Red Stone must be “fermented” with 
gold—that is, mixed with real gold into order to transmute other metals 
into gold. It must also be "incerated"—that is, made as fusible as wax by 
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the addition of a liquid principle, usually the Philosophical Mercury, so 
that it melts easily and can therefore penetrate metals and convert them 
successfully into gold. The completed Philosophers’ Stone appears as a 
deep red, extremely dense, brittle, and fusible substance capable of pen- 
etrating the metals the way oil does paper.?? 

On the momentous day that the chrysopoeian is ready to carry out 
the longed-for transmutation, he takes a crucible, adds a base metal such 
as lead or tin, and heats it until the metal is in fusion (or heats mercury to 
near boiling). He then takes a small amount of the Red or White Stone, 
sometimes wrapping it in paper or a piece of wax, throws it into the 
crucible, and increases the fire. This process is known as projection, from 
the Latin word projicere, meaning “to throw upon.” After a few minutes, 
after all the contents of the crucible are molten again, the product—gold 
or silver, depending on which stone was projected—can be poured out 
into an ingot. The amount of stone to use in this operation depends 
on its transmuting power. The freshly completed Philosophers’ Stone 
is said to be capable of transmuting about ten times its weight of base 
metal, but the process of multiplication can greatly augment that propor- 
tion. By redissolving the stone in Philosophical Mercury and redigest- 
ing it through the three colors of black-white-red, a tenfold increase in 
potency is supposedly achieved. Reiterations of the process could then 
produce a transmuting agent of enormous power. According to one ac- 
count, a sample of the Philosophers’ Stone reputedly found hidden in a 
bishop’s tomb by John Dee transmuted 272,330 times its weight of lead 
into gold.” 


Explaining the Stone’s Action 


Chrysopoeians advanced various theories to explain the marvelous ac- 
tion of the Philosophers’ Stone. All of them agreed that its action was 
purely natural, that is, operating by natural laws alone. It is important to 
stress this point, since moderns often imagine the transmutational pro- 
cess to be somehow “magical” or “supernatural.” Although some critics 
tried to portray chrysopoeia as operating in a non-natural manner that 
involved demonic agency and trickery—and was therefore something to 
be avoided—virtually all its advocates insisted on purely natural expla- 
nations.* A range of common observations provided clear precedents 
for the transformative action of the stone. Every early modern person 
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knew that a little vinegar thrown into a barrel of wine would soon trans- 
form the entire quantity into vinegar. Likewise, a tiny amount of rennet 
could coagulate many gallons of milk into cheese, just as a particle of 
the Philosophers’ Stone could coagulate a hundred or thousand times 
its weight of mercury into gold. A small piece of leaven kneaded into a 
far greater quantity of fresh dough would soon turn the entire mass into 
leaven. Familiar natural events such as these provided concrete instances 
of analogous material transformations no less surprising or powerful—al- 
though less lucrative—than the stone’s action. 

Some authors claimed that the stone functioned like an especially 
powerful purging fire, burning out the impurities and superfluities 
from base metals that prevented them from attaining the purity of gold. 
Others held that it might be endowed with an excess of the Aristotelian 
“form” of gold, and hence, when projected onto a base metal, could de- 
stroy the old form of the metal, replacing it with the form of gold. A 
closely related notion was that the Philosophers’ Stone carried qualities 
like hot and dry (characteristic of gold) in extremely intense degrees, 
and so a small amount of it could correct, for example, the coldness and 
wetness of a large amount of lead. Another variation on this theme was 
that the elixir is “plusquamperfect,” that is, in regard to the mineral realm 
the stone is more than perfect—it is gold elevated high above its usual 
rank of perfection. Thus when mixed in due proportion with an imper- 
fect metal, the imperfection of the metal and the plusquamperfection 
of the stone average out to perfection, that is, to gold.*! 

Still other authors asserted that the stone contained a “seed” of gold 
capable of transforming other metals into gold. Modern readers should 
not interpret “seed” too literally and assume that this term implies an 
organic or living substance. In the early modern period, the term seed 
signified a powerful agent, an organizing principle, that works at the mi- 
croscopic level to transform substances. Consider the origin of the meta- 
phor in the vegetable realm. How does a plant convert water absorbed 
from the earth into all the various substances found in plants, and then 
organize those substances into the complex structures of leaves, flowers, 
stems, and fruits? There must be some principle within the plant capable 
of guiding these transformations to their proper ends, acting as both the 
blueprint and the mechanism for carrying out the necessary transforma- 
tions. Early modern thinkers, many of them well beyond the borders of 
chymistry, called such organizing principles “seeds” (semina in Latin), 
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and considered them present not only in plants but also in animals and 
mineral substances.? For some, these “seminal” transmutations occurred 
through a reorganization of the elements or a rearrangement of the tiny 
particles of which the metals were composed. 

Finally, some authors, and indeed no less a person than Robert Boyle, 
acknowledged that they could not give a thoroughly satisfactory expla- 
nation of the stone’s action. But Boyle for his part noted that neither 
could anyone in his day give a satisfactory theoretical explanation of fer- 
mentation—yet he did not doubt the ability of brewers to make beer!^ 


Chymical Medicine, Paracelsus, and Paracelsianism 


The preparation of medicines had become a major part of alchemy by 
the early modern period. John of Rupescissa’s mid-fourteenth-century 
notion of the preservative “quintessence” and his application of chymical 
methods to make better medicines from minerals, metals, and plants had 
been picked up and expanded by later authors such as the pseudo-Lull 
and thereby spread far and wide. The distillation of medicinal waters 
and essences, the production of medicinal salts, and the introduction 
of new substances and preparative techniques for pharmaceutical use 
all comprised an important facet of fifteenth-century alchemy. Much of 
this early interest in chymical medicine has, however, lain in the shadow 
of a looming sixteenth-century figure: Theophrastus Bombastus von 
Hohenheim, called Paracelsus (1493/94-1541), one of the most colorful 
characters of the early modern period. 

Paracelsus spent much of his life wandering from town to town, gen- 
erally stirring up trouble wherever he went with his iconoclastic and 
quick-tempered ways. It has been claimed, erroneously, that the word 
bombastic—in the sense of pompous speech—derives from his name. 
Paracelsus is best known as a vociferous critic of traditional medicine— 
his writings, frequently imitated in style by later followers, are filled with 
vitriolic and sarcastic condemnations of physicians, apothecaries, and 
the entire medical establishment. It is reported that he publicly burned 
the medical writings of ibn-Sina, standard texts for medical education 
at the time, as a sign of his contempt. Paracelsus’s other provocative 
habits included lecturing (for the short time he gave medical lectures in 
Basel) and writing in his native Swiss German rather than Latin, and pro- 
moting the use of German medicinal plants over the more established 
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classical Mediterranean ones. He was a strong advocate of alchimia, but 
only as one of the “pillars of medicine,” that is to say, for its ability to 
prepare pharmaceuticals and to explain bodily functions. He showed no 
interest in chrysopoeia, and occasionally wrote contemptuously of it. 

One of Paracelsus’s innovations was his expansion of the two princi- 
ples of metals (Mercury and Sulfur) by adding a third: Salt. Additionally, 
whereas the Arabic dyad applied only to metals and some minerals, 
Paracelsus extended his triad—called the fria prima (“the three first 
things”)—as the essential constituents of everything. These three chy- 
mical "principles" provided a terrestrial, material trinity that reflected 
the celestial, immaterial Trinity as well as the human triune nature of 
body, soul, and spirit. Further, Paracelsus endeavored to generate an 
entire world system, embracing the whole of theology and natural phi- 
losophy, as an alternative to (and, he no doubt hoped, ultimately a sub- 
stitute for) prevailing contemporaneous systems. For him, chymical 
processes provided the fundamental model for explaining natural pro- 
cesses in the physical universe as well as within the human body. For 
example, the cycle of rain through sea, air, and land was for Paracelsus 
a great cosmic distillation. The formation of minerals underground, 
the growth of plants, the generation of life-forms, as well as the bodily 
functions of digestion, nutrition, respiration, and excretion were for him 
inherently chymical processes. God Himself is the Master Chymist; his 
creation of an ordered world out of primordial chaos was akin to the 
chymist's extraction, purification, and elaboration of common materi- 
als into chymical products, and His final judgment of the world by fire 
like the chymist using fire to purge impurities from precious metals. 
Paracelsus's system has been called a “chymical worldview,” and it proved 
remarkably influential in succeeding generations. 

Paracelsus believed that powerful medicines could be prepared even 
from poisonous substances using chymical means of separation, which 
he called Scheidung in his native German. Processes including distilla- 
tion, sublimation, putrefaction, and solution could be used to divide 
a naturally occurring substance into its three primordial principles of 
Mercury, Sulfur, and Salt. He considered these three the useful and 
beneficial parts, and believed that their separation left behind the toxic 
“dregs” of the substance. Once purified, the tria prima could be recom- 
bined to yield an “exalted” form of the original substance, free from 
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impurities and toxicity, and thus enabled to operate more powerfully 
and beneficially as a medicine. Always fond of inventing words, Paracel- 
sus gave this process of separation and reintegration the name spagyria. 
The term has been explained as meaning “to separate and (re)combine,” 
from the Greek words span and ageirein, meaning “to draw out” and “to 
bring together.” 

Among later Paracelsian commentators, the process of spagyria re- 
ceived explicit theological overtones. Upon death, the soul and spirit 
separate from the human body, which putrefies in the grave. Atthe end 
of time, when the world is destroyed by fire, a new spiritual body is raised 
up at the Final Resurrection, into which the soul and spirit, now purified 
from sin, are reinfused by God, thus creating a glorified, immortal, and 
perfected individual.** Analogously, the chymist uses fire to separate the 
volatile Sulfur and Mercury from the Salt, purifies each separately, and 
then recombines them into a wholesome and perfected substance. In this 
way, God Himself is a chymist at both the beginning and the end of time, 
and in reflection, the chymist’s work to improve material substances 
is divinized, for he acts in a God-like capacity to improve the natural 
world. Some Paracelsians even held that all poison and toxicity entered 
the world only with original sin. Therefore, by using chymistry to purify 
now-poisonous substances into medicines, the chymist returned them 
to their wholesome, pristine, prelapsarian state as they were created by 
God in the beginning. In effect, the chymical process was thus redemp- 
tive, and the chymist participated as a co-redeemer of a fallen world. 

Because Paracelsus was far from a clear or orderly writer—it was 
even claimed by one of his associates that he dictated all his treatises 
while drunk—and because few of his writings were published during 
his lifetime, his immediate impact was only moderate and localized. But 
in the second half of the sixteenth century, during the generation after 
Paracelsus’s death, followers such as Adam von Bodenstein, Michael 
Toxites, Gerard Dorn, and Joseph Du Chesne (Quercetanus) collected 
and edited his manuscripts, thereby organizing, codifying, and generally 
reworking his often chaotic and contradictory claims.“ It is through their 
work that Paracelsus became widely distributed across Europe. Because 
Paracelsus’s legacy was so variously reconfigured by both admirers and 
critics, uncovering the real historical Paracelsus has proved extremely 
difficult. He became, perhaps more than anything else, a larger-than-life 
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figure of anti-establishment sentiment, an icon of intellectual and cul- 
tural defiance across scientific, medical, political, and theological spec- 
tra." This attitude harmonized well with those common to both the 
Protestant Reformation and the Scientific Revolution, a feature that 
partly explains why the figure of Paracelsus enjoyed greater popular- 
ity than the specifics of his ideas. Alliance with Paracelsianism was, to 
be sure, distinctly more prevalent among those outside established 
circles of orthodoxy—radical Protestants, medical “empirics” (meaning 
those without formal training), and so forth. Consequently, multiple 
"Paracelsianisms" emerged in the late sixteenth century and throughout 
the seventeenth. 

The various Paracelsians, as well as their critics, exerted a significant 
impact on both medicine and chymistry. Yet it is important to realize 
that not every advocate of chymically assisted medicine (chemiatria) 
would have identified himself as a Paracelsian, nor did Paracelsianism 
ever constitute the sum total of chymistry or even of chemiatria. In Italy, 
for example, the distillation of medicated waters and spirits had a long 
tradition before Paracelsus. Rupescissa, the pseudo-Lull, and others ini- 
tiated and perpetuated independent traditions of chymical medicine 
long before the Swiss iconoclast ever saw the light of day.” 

Bitter controversies erupted between the various "Paracelsians" and 
their detractors. Part of this criticism rested on disagreements over spe- 
cific medical claims and practices. A key issue was the Paracelsians belief 
that proper chymical treatment could free poisonous substances of their 
toxicity and turn them into health-giving medicines. Consequently, they 
advocated the use of toxic substances like mercury, arsenic, and anti- 
mony as pharmaceuticals. For over a century, one boisterous treatise 
after another, either praising or condemning the medicinal use of an- 
timony, perpetuated the so-called antimony wars between Paracelsians 
and their more traditional medical counterparts.” The battle in France 
came to an end only after 1658, when Louis XIV, having fallen ill during 
a military campaign and not responding to traditional treatments by the 
royal physicians, was cured by a vomit induced with a dose of antimony 
administered in wine by a local physician. The Parisian medical faculty, 
the corporate body which had previously condemned the use of anti- 
mony, then had little recourse but to vote in favor of legalizing the use of 
this Paracelsian vin émetique. 
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Another part of the criticism focused more broadly on the anti- 
establishment attitude of Paracelsians and their vision of chymistry. 
Many physicians quite reasonably objected to being publicly declared 
fools and having their formal training, scholarship, and licensing dis- 
missed as worthless. But perhaps the most prolific (and invectively 
rich) opponent of all things Paracelsian was the pedagogue and chymist 
Andreas Libavius (1555-1616). Libavius took particular exception to the 
Paracelsian dismissal of formalized study and classical learning, and the 
attempt to circumvent educational, civic, professional, and social mech- 
anisms. He decried the Paracelsians’ neologisms and obscurantism; he 
mocked their writings as disorganized, inelegant, and imprecise. While 
sarcastically condemning a range of chymical authors, he simultaneously 
defended more traditional chymistry in all its aspects. He upheld chryso- 
poeia, its adepts, and its commitment to protective secrecy. He likewise 
promoted the practice of chemiatria, attacking physicians who went too 
far while condemning Paracelsians and so rejected entirely the utility 
and dignity of chymistry. Libavius’s massive Alcbemia (1597, expanded 
1606) organized hundreds of chymical preparations and laboratory op- 
erations, many of them directed at the production of chymical medi- 
cines. Writing as a fervent advocate of chymistry, he sought to protect 
its domain from those he saw as unworthy and disruptive interlopers, 
and endeavored to define legitimate chymistry from illegitimate while 
carving out an academic place for it.” 


Otber Ambitious Cbymical Projects 


The application of chymistry to medicine and the use of chymical ideas 
to explain cosmological themes form two key facets of Paracelsus's work. 
Yet there are other chymical endeavors often connected with his name. 
The tract Oz tbe Nature of Things (by Paracelsus and/or one of his follow- 
ers) tells how chymistry can produce even living beings in the labora- 
tory. The pinnacle of this art is the production of a human-like creature 
called the bomunculus (from the Latin for "little human being"). Drawing 
on the ideas that new life begins with putrefaction and that seed will 
always endeavor to produce something, the author claims that if human 
semen is sealed in a flask and placed in a gentle heat to putrefy, after 
forty days it will begin to move and produce a living being with a human 
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form. After forty weeks of being fed with a chymical preparation of hu- 
man blood, this life-form will develop into the homunculus. Although 
it looks like a human child, the homunculus is endowed with great 
knowledge and powers. Since it is the product of art, the homunculus 
knows all arts from its birth. It is likewise endowed with special pow- 
ers and gifts not shared by ordinary human beings, because its purity is 
unpolluted by the admixture of female elements. (As a comparison, the 
same text claims that if one takes menstrual blood instead of semen, and 
treats it in the same manner, the result is not a homunculus but a basi- 
lisk—a hideous creature so noxious it kills by its glance alone.)*! 

The possibility of producing life in the laboratory did not appear 
problematic for medieval and early modern thinkers. The spontaneous 
origin of life from nonliving matter was considered a matter of course— 
a rotting bull carcass produced bees, and putrefying mud generated 
worms and insects. Theologians interpreted Genesis 1:24, where God 
commands “let the Earth bring forth living creatures,” to mean that God 
endowed the elements from the beginning with the power to generate 
living creatures on their own, and that God-given ability continues to 
reside within matter.? What did provoke a host of moral and theologi- 
cal issues was the notion of artificially producing a rational life-form akin 
to a human being. A combination of wonder and outrage accompanied 
tales of the homunculus to the seventeenth century. 

While few (if any) chymists showed serious interest in replicating so 
bizarre a recipe as that of the homunculus, the topic of chymical palin- 
genesis—returning dead materials to some sort of life—attracted more 
attention. The germs of this interest lie once again in the Paracelsian text 
On the Nature of Things. There the author writes that plants and animals 
can be “resuscitated” by chymical means. The chymist is instructed to 
burn wood to ashes, mix the ashes with the watery and oily distillates 
extracted from the same kind of wood, and leave the mixture in a warm 
place until it becomes a slimy material. After this material is allowed to 
putrefy, it is buried in fertile earth, where it will eventually sprout into 
a tree of the same sort that provided the wood, but “more powerful and 
noble" than before.°* This process is clearly a spagyric preparation of 
wood. The wood is subjected to Scheidung by means of distillation, and 
the three ingredients are the ria prima of the wood. The tree's “resus- 
citation” into a glorified form bears a clear analogy to the perfected na- 
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ture human beings will enjoy after the final resurrection. The same text 
claims that a similar process can be performed on small birds. 

A more widespread version of this “chymical resuscitation” comes, 
however, from Paracelsian Joseph Duchesne. He describes having seen 
two very different ways in which the form of a plant expresses itself after 
its destruction by fire. He recounts how a friend burned a large quantity 
of nettles to ashes, extracted the salt from the ashes with water, and after 
filtering the solution (called a /ixivium) placed it in a basin by an open 
window on a cold night. The /ixivium froze solid overnight; in the morn- 
ing both Duchesne and his friend (as well as many other witnesses) saw 
the image of nettles, complete with roots, stems, and leaves, within the 
mass of ice. Duchesne viewed this experiment as proof that the residual 
salts of an incinerated plant retain the form and vital principle of the 
plant, and that this vital principle could re-express the form under the 
right conditions. He saw it also as a physical proof of the resurrection of 
the body at the end of time, after the world is destroyed by fire. 

While Duchesne (and others) were often able to repeat the experi- 
ment of the frozen /ixivium, he also tells of a more striking experiment 
that he was never able to perform on his own; nor could any of the many 
other chymists his account inspired. A Polish physician from Cracow 
once showed him a series of sealed and labeled flasks that contained the 
chymically prepared ashes of various plants. When one of these flasks 
was gently warmed over a candle, a ghostly image of the complete plant 
grew out of the powdery ashes. When the heat was removed, the image 
slowly collapsed back into the ashes.” 

Forthe rest ofthe seventeenth century and into the eighteenth, a num- 
ber of chymists tried their hands in various ways at palingenesis." Jesuit 
polymath Athanasius Kircher collected and published several recipes for 
it, and claimed to have shown a successful experiment at his museum in 
Rome to many visitors, including Queen Christina of Sweden in 1657.” 
Sir Kenelm Digby (1603-1665), who had visited Kircher, described palin- 
genetic experiments to a learned assembly at London's Gresham College 
in 1660, where he also successfully repeated Duchesne's experiment with 
the frozen lixivium of nettles. He likewise reported success in the palin- 
genesis of crayfish by means of an essentially spagyric process.” 

Van Helmont was one chymist who flatly denied the significance of 
Duchesne's icy nettles: "the good man did not know first of all that when 
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any ice begins to form it produces serrated points like the shape of net- 
tle leaves.” Yet Van Helmont inspired the search for another chymical 
arcanum deriving ultimately from Paracelsus—the alkahest. Paracelsus 
used the word alkabest for a particular medicine for the liver, but Van 
Helmont uses the same word for a liquid able to dissolve any substance— 
a material called “circulated salt” (sal circulatum) by Paracelsus. The al- 
kahest holds a key position in Van Helmont’s system. 

Van Helmont’s comprehensive and influential worldview unifies chy- 
mical, medical, and theological ideas. He rejected the elemental status of 
the Paracelsian tria prima in favor of monism, arguing (like the ancient 
Thales) that water is the basic material substratum of all substances. He 
based this theory on the prominence of water in Genesis 1 and on labora- 
tory experiments. In his most famous experiment, he planted a 5-pound 
willow sapling in 200 pounds of soil and watered it for five years. At the 
end of this time, the tree had gained 164 pounds, while the weight of the 
soil remained nearly unchanged. Thus, Van Helmont concluded, water 
alone was turned into all the various substances of the tree. The vari- 
ous transformations of water, he argued, are managed by semina (seeds) 
capable of organizing water into other substances. Most materials can 
be turned back into primordial water through heat and cold, thus es- 
tablishing a continuous cycle of creation and destruction. Fire destroys 
substances by turning them into Gas (a word Van Helmont coined from 
chaos), a noncondensable substance more subtle than any vapor. Gas 
rises to the upper parts of the atmosphere, where, exposed to extreme 
cold, it returns to elemental water that falls with the rain.?! The alkahest 
performs this return to water more quickly and usefully. 

. Any substance heated with the alkahest is first decomposed into its 
proximate ingredients (the ¢ria prima), and upon further heating is re- 
duced to water. As such, the alkahest promised to be the ultimate means 
of carrying out chymical analyses—a crucial means of gaining knowledge 
for Van Helmont and his followers. “There is no more certain genus of 
acquiring knowledge," he wrote, “than when one knows what is con- 
tained in a thing and how much of it there is.” By stopping the process 
at the right point, and distilling off the alkahest, the “first essence” (ens 
primum) of the dissolved substance would be left behind as a crystal- 
line salt. This ens contained the concentrated medicinal powers of the 
dissolved substance, free from noxious properties, much like a spagyric 
preparation, but (supposedly) far easier to prepare. 
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Van Helmont claimed to have prepared the alkahest, but declined to 
give more than allusive hints about how to do it. The promise of the 
alkahest provoked intense interest; many chymists struggled to under- 
stand Van Helmont’s hints and prepare it for themselves well into the 
eighteenth century.“ 

The search for these chymical arcana coexisted with the two main 
branches of early modern chymistry, chrysopoeia and chemiatria. 
These grander designs were also accompanied by a host of workaday 
deployments of chymical techniques—assaying, smelting, metal refin- 
ing, glassmaking, and so on. Chymistry’s importance and applications 
grew throughout the seventeenth century as commercial and manufac- 
turing endeavors became increasingly vital to Europe’s economy. Otto 
Tachenius, a German chymist living in Venice in the mid-seventeenth 
century, provides a glimpse of chymistry’s breadth in his diatribe against 
the slanderers of chymistry. He asserts that without chymistry there 
would be neither bricks, lime, nor glass with which to build houses; no 
inks, paper, dyes, or pigments with which to print and color; no spiritu- 
ous drinks like beer and wine; no adequate medicines, salts, or metals. 
“But why do I spend time in mentioning these things,” he concludes, 
“when there is not an Old Woman in Italy, but will inveigh against the 
opposers of this Art? For without it, it is impossible for them to find out 
any thing to Colour and Dye their Hair.’** Thus, seventeenth-century 
“chymistry”—the unified field of what we today call alchemy and chem- 
istry—stretched across a wide domain: from seeking the Philosophers’ 
Stone, metallic transmutation, the alkahest, and other alluring secrets, to 
explaining natural functions of the body and the cosmos, to illustrating 
theological truths, to refining metals, making medicines, and preparing 
cosmetics. 

The first items in that catalog of early modern chymical activities pro- 
voke several questions that may be nagging some readers. Why did so 
many people believe that chymical arcana like the Philosophers Stone 
really existed? How could chrysopoetic authors give so precise a descrip- 
tion of the preparation, appearance, and properties of substances like 
the stone and the alkahest? Are books about the Philosophers’ Stone 
merely flights of fancy or exercises in juggling words borrowed from one 
book to the next, or did these writings contain an experimental, practi- 
cal basis? To what extent can the adepts’ coded language be deciphered 
to reveal laboratory practices? In terms of chemiatria, was there any 
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practical basis for believing that toxic materials could be made medici- 
nal? All these questions cluster around the central issues of what chryso- 
poeians and chemiatrists actually did in their laboratories, how they did 
it, and what they actually saw and accomplished. It is the task of the next 
chapter to address these difficult questions. 
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WVINVEILLING THE SECRETS 


E arly modern chymistry embraces many topics that are usually re- 
garded today as separate disciplines—chemistry, medicine, theology, 
philosophy, literature, and the arts. As a consequence, the question of 
what its practitioners were really doing and thinking can be approached 
in various ways. It is actually necessary to pursue several approaches in 
parallel to capture the strikingly multivalent character of the subject. 
One of these approaches involves chemistry. Even though early modern 
chymistry was embedded in a network of assumptions, theories, aims, 
social structure, and philosophical commitments that are very different 
from those of modern chemistry, chemistry remains the modern disci- 
pline most closely akin to the chrysopoeia and chemiatria of the early 
modern period. Both use operations of combination and separation to 
transform matter and produce new materials. 

While it would be a serious mistake to reduce early modern chymis- 
try (or alchemy, if you prefer) to some sort of a "protochemistry," com- 
mon elements between what practitioners of the seventeenth century 
did and what chemists of the twenty-first do nevertheless exist. What is 
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certainly true is that the ways substances behave and react have remained 
the same, even as the ways human observers explain and conceptualize 
them have changed. Hence, modern chemistry can help the historian of 
alchemy in two ways. First, a knowledge of the chemical and physical 
properties of substances can help the historian grasp the processes and 
ideas that early authors describe incompletely or allusively. Second, and 
more vividly, a working knowledge of chemistry enables the researcher 
to try to replicate—and thereby understand better and more deeply— 
historical processes and results. My experience, based on three decades 
of such work, is that historically informed laboratory work in replicat- 
ing these processes can in fact provide otherwise unobtainable insight 
into the actual practices and content of alchemy and the activities of 
its practitioners. This chapter therefore calls in chemistry—specifically, 
the modern explanation and replication of early modern chemiatric 
and chrysopoetic processes—to help reveal sixteenth- and seventeenth- 
century practitioners thoughts and activities. 

Early modern chymists have not made it easy for historians (or any- 
one else) to figure out what they were doing. Many left no written 
records of their work, or these documents perished over time. Of the 
records we do have—thousands of books and manuscripts—many were 
written with such intentional obscurity and secrecy that they appear to 
offer little clear insight into the theories and practices of their authors. 
Even the early modern chymists often had difficulty understanding 
their colleagues’ writings. After centuries of profound changes in culture 
and ways of thinking and speaking, it proves even more difficult to un- 
derstand them. To be sure, for a long time the arcane style of chymical 
(especially, but not exclusively, chrysopoetic) texts discouraged serious 
scholarly inquiry altogether, or allowed ahistorical interpretations to 
flourish. Even seemingly clearly written sources often claim results that 
today seem impossible. Hence, many in the past have been led to con- 
clude that such descriptions were not products of laboratory practice at 
all. Yet careful reading, aided by chemistry, gives a different picture. 


Chemiatria: Impossible Results? 


One of the most celebrated figures of early modern chymistry went under 
the unlikely name of Basil Valentine (fig. 6.1). Valentine presents himself 
as a native of the Upper Rhineland who became a Benedictine monk and 


os ae pd 
Figure 6.1. "Brother Basil Valentine, Monk of the Order of St. Benedict and 
Hermetic Philosopher,” frontispiece to his Chymische Schriften (Hamburg, 0717)! 
On the table, the Philosophers’ Stone (symbolized as a basilisk) rests in a 
philosophical egg. Courtesy of the Roy G. Neville Historical Chemical Library, 
Chemical Heritage Foundation, Philadelphia. 
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spent his spare time studying chymistry so that he could prepare medi- 
cines for his monastic brethren. As the popularity of his books increased, 
more biographical details emerged, and by the end of the seventeenth 
century an extensive life story had accreted around him. By that account 
Valentine was a fifteenth-century monk at St. Peter’s Abbey in the north- 
ern German town of Erfurt. His writings remained hidden for over a cen- 
tury. The longest of them, his Last Will and Testament, lay concealed in 
the high altar of the abbey church, where its author hid it just before his 
death. Some accounts claim that a stray bolt of lightning struck and shat- 
tered a pillar in the church, revealing the secret manuscript within—a 
tale reminiscent of the account in the Physika kai mystika.! Yet another 
story, told by the abbey’s prior around 1700, claims that Valentine’s man- 
uscripts lay hidden in the wall of the abbey’s refectory.? 

Both historians and chymists endeavored to learn more about 
Valentine—with inconclusive results. Modern scholarship suggests that 
several authors are hidden behind the mask of Basil Valentine (a pseu- 
donym most likely derived from basileos valens, a hybrid of Greek and 
Latin meaning “powerful king”). The Valentine writings date no earlier 
than the 1590s, although some may incorporate earlier material. One au- 
thor is almost certainly Johann Thölde (circa 1565-1624), a salt manu- 
facturer in central Germany who published the first five books printed 
under Valentine's name? 

The most famous book in the Valentine corpus appeared in 1604 un- 
der the grand title of Tbe Triumpbal Chariot of Antimony (Der Triumpb- 
Wagen Antimonit). The first part is largely theoretical, while the second 
contains about two dozen practical preparations, seemingly very clearly 
described, based on antimony. Today, antimony is known as a fairly rare, 
semimetallic element of moderate toxicity (sharing many properties 
with arsenic), but for early modern chymists it was a source of inexhaust- 
ible fascination.* Despite the toxicity of antimony compounds, most of 
Valentine's preparations are pharmaceutical. (A later story claims that 
the element's name derives from the effects of Valentine's preparations 
on his Benedictine brethren: "anti-moine," that is, “against monks." This 
etymology is amusing but spurious.)? The Triumpbal Chariot’s emphasis 
on transforming poisons into pharmaceuticals, and its vitriolic condem- 
nations of the medical establishment, places it firmly in the tradition of 
Paracelsianism.° 
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Figure 6.2. A schematic of Valentine’s chymical transformation of poisonous 
antimony into a medicine. At each step, toxic or inactive materials are supposedly 
separated—an illustration of the Paracelsian principle of Scheidung. 


The Triumpbal Chariot applies the Paracelsian principle of Scheidung 
to antimony to remove its harmful qualities and generate potent medi- 
cines. Valentine first describes a way to isolate the Sulfur of antimony 
(fig. 6.2). He begins by making “glass of antimony” (vitrum antimonii)— 
a vitreous substance used commonly (and perilously) to induce vomit- 
ing. He extracts the glass with vinegar to provide a red liquid, evaporates 
the liquid to a gummy residue, then extracts the residue with spirit of 
wine (alcohol) to give a sweet red oil. This oil is supposedly the Sulfur 
of antimony, and is no longer emetic or purgative because all poisonous 
qualities have been separated. 

To the modern chemist, this account appears unlikely in the ex- 
treme. The toxicity of a poisonous element cannot simply be "removed." 
Furthermore, no compounds of antimony are alcohol- and water-soluble 
and red in color. Is this account, then, a mere fabrication, or perhaps an 
imagined process based on Paracelsian notions but never confirmed in 
practice? I decided that the best way to get solid answers to such ques- 
tions was to attempt to make the "Sulfur of antimony" myself? 

Making the glass of antimony seemed a trivial preparation; this mate- 
rial appears commonly in early modern pharmacopoeia. Valentine even 
apologizes for starting with something so easy, but the initial results of 
replicating his procedure showed that the apology was unnecessary. 
Valentine instructs the reader to grind antimony ore (stibnite, native 
antimony sulfide [plate 3]), roast it slowly until it turns light gray, melt 
this "ash" in a crucible, and then pour out the molten material to provide 
“a beautiful, yellow, transparent glass.” Accordingly, I took antimony 
sulfide and roasted it (laboriously, since it takes two or three hours of 
gentle heating and constant stirring, a process known as calcination) to 
a light gray "ash." This ash—predominantly antimony oxides—melted 
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only with great difficulty, and when poured out solidified to a dirty gray 
lump. Many repeated attempts, with modifications to the temperature 
and duration of roasting and the length of time the ash was kept mol- 
ten, always gave the same miserable result. After having exhausted other 
ideas, I obtained a sample of ore from Eastern Europe (Valentine speci- 
fies the use of “Hungarian antimony”), ground it, roasted it, fused the 
ash, all exactly as before—and this time obtained the beautiful, yellow, 
transparent glass (plate 3). 

What finally went right? Analysis of the ore showed that it contained 
a small amount of quartz, one of the most common minerals on earth. 
This minute quantity, about 1 to 2 percent of the ore's total weight, 
proved to be the key; without its presence, the glass does not form.'® 
In fact, when I took the ugly gray lumps from the failed trials, remelted 
them, and added a pinch of powdered quartz (or silica, silicon dioxide), 
they also turned into beautiful golden glasses. The initial repeated fail- 
ure of Valentine’s recipe might reasonably lead us to conclude that his 
process was false or imaginary, or even that he was hiding a “secret.” But 
when his exact conditions were reproduced—using ore rather than its 
pure, modern chemical "equivalent"—the process worked exactly as de- 
scribed. The impurity was crucial." 

Valentine next tells readers to powder the glass and extract it with 
vinegar to produce a red solution. Once again, the process failed. The 
yellow glass made with the addition of quartz gave no color to vinegar, 
even after weeks of stirring. The glass made from the ore gave only a 
pale reddish color after several days. Chemical analysis provided a sur- 
prise: this redness was due not to any antimony compound but rather 
to iron acetate, undoubtedly from trace amounts of iron in the ore. This 
red material was formed in such a small quantity that it seemed impos- 
sible for Valentine to have made as much of it as he claimed. This time 
the key lay in a disregarded detail in his recipe: Valentine writes that he 
stirred the roasting ore with an iron hook, and then stirred the molten 
glass with an iron rod. Antimony compounds corrode iron very quickly. 
Thus, Valentine’s iron tools enriched his glass with iron compounds. 
They provided the very substance he was isolating as the “Sulfur of an- 
timony." Valentine's Sulfur of antimony actually contains no antimony 
whatsoever; it was extracted not from the antimony but rather from his 
laboratory utensils! 
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This amusing conclusion explains Valentine’s claims and observations 
perfectly. Vinegar dissolves the iron out of the glass, but also dissolves 
some antimony compounds—hence, the vinegar extract still has the 
purgative properties Valentine noted. But after the vinegar solution is 
evaporated, and the gummy residue is extracted with spirit of wine, only 
the iron acetate dissolves, leaving all the antimony behind in insoluble 
residues. As Valentine writes (correctly), “the residue that remains be- 
hind contains the poison, the extraction takes up only the medicine." 
The alcohol extract is completely nontoxic, and is, just as Valentine says, 
"sweet," for iron acetate has a slightly saccharine taste. 

Only a patient attempt to replicate Valentine's processes could have 
revealed these findings. They indicate that while his theoretical expla- 
nation of his process was flawed, he nevertheless recounted his obser- 
vations with perfect accuracy. Although the results seemed implausible 
and the process was unworkable until the role of impurities was recog- 
nized, it is now clear that he described laboratory operations that he 
carried out and observed closely. To him, it certainly appeared that chy- 
mical treatment rendered a toxic material harmless, apparently confirm- 
ing Paracelsian theory. My replication proves that even some apparently 
unlikely chymical claims rest on real laboratory operations. These opera- 
tions not only display technical proficiency but give support to theoreti- 
cal principles as well. This example does not, however, involve the most 
difficult part of chymistry to explain: metallic transmutation. Thus, it is 
now time to turn to that topic. 


Chrysopoeia: Deciphering Hidden Knowledge 


Can underlying chemical meaning and accomplishments be found even 
in allegorically written texts dealing with transmutation? Do the fabu- 
lous accounts and outlandish emblematic illustrations of bursting toads, 
copulating couples, and flying dragons have practical significance? Since 
the mid-nineteenth century, most interpretations of “alchemy” have ei- 
ther dismissed these allegorical texts or tried to explain them with ahis- 
torical conjectures that almost never involve chemistry. It is amusing 
that the methods chrysopoeians used to veil their meaning from all but 
the most clever readers have continued to work so well, probably better 
than they ever imagined. Yet chrysopoetic texts were written not only 
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to conceal but also to reveal. Chemistry can help us better understand 
these texts. 

Basil Valentine's first book—Of the Great Stone of the Ancients—pro- 
vides a good case study.” The first half presents general principles and 
cryptic advice about the Philosophers’ Stone. The second bears the sub- 
sidiary title of The Twelve Keys, because it takes the form of twelve short 
allegorical chapters about the stone’s preparation, “whereby the doors to 
the ancient Stone of our predecessors are opened.”'* Each “key” reveals 
(and conceals) one part of the process, meaning that if the reader could 
decipher the secret language correctly, he would presumably learn the 
whole procedure. Chrysopoetic texts often use a similar format of succes- 
sive steps or stages to be deciphered. George Ripley, for example, wrote 
his fifteenth-century Compound of Alchymie in the form of twelve “gates,” 
each one cryptically describing a single operation (such as solution, sub- 
limation, putrefaction) necessary for making the Philosophers’ Stone. 
Ripley himself adapted this format from the earlier Guido of Montanor, 
who described “steps” on a ladder to reach the stone, and Ripley’s style 
was imitated by many later authors." 

Valentine's Of the Great Stone is an especially good example for study, 
since the 1602 edition added an allegorical woodcut to illustrate each 
key.'° As with the Rosarium pbilosopborum (discussed in chapter 3), the 
text came first and the illustrations later. That is to say, in most (not all) 
original works that include allegorical images, the text is primary. The 
images therefore cannot be understood if they are taken out of their con- 
text. Unfortunately, it has been a common practice, especially in popu- 
lar books and now on websites, to publish the images alone with little 
or none of the texts to which they belong. Thus, these images become 
loaded with various imaginative interpretations unfettered by such 
petty annoyances as historical context or authorial intent. 

It will suffice to examine only the first three keys in detail. Figure 
6.3 shows the image embedded in the first key. The corresponding text 
teaches that “all impure and contaminated things are unworthy for our 
work.” The theme of purity continues with a comment about how physi- 
cians purge illness from sick bodies. The section relating directly to the 
image advises that 


the king’s crown should be pure gold, and a chaste bride should be mar- 


ried to him. Take the ravenous grey wolf that on account of his name is 
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Figure 6.3. The emblematic first key of Basil Valentine. From Von dem grossen Stein 
der Uhralten (Leipzig, 1602). By courtesy of the Department of Special Collections, 
Memorial Library, University of Wisconsin—- Madison. 


subjected to bellicose Mars, but by birth is a child of old Saturn, and that 
lives in the valleys and mountains of the world and is possessed of great 
hunger. Throw the king's body before him that he may have his nourish- 
ment from it. And when he has devoured the king, then make a great fire 
and throw the wolf into it so that he burns up entirely; thus will the king 
be redeemed. If this is done thrice, then the lion has conquered the wolf, 
and nothing more to eat will be found in him; thus is our body completed 


at the start of our work." 
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The woodcut shows the king, his chaste bride, and the wolf (wear- 
ing a collar and looking rather more like a whippet) jumping over the 
fire. Paternal Saturn (identified by his crutch and scythe) stands nearby. 
What does it all mean? This riddle is relatively easy. The text clearly de- 
scribes a purification process. In the context of metallic transmutation, 
the king is likely the “king of the metals,” that is, gold. This gold (the 
king’s body) is fed to a ravenous wolf who is a child of Saturn. In the 
standard planetary nomenclature, Saturn is lead; his child would then 
be something closely related, and useful for purifying gold. The answer 
is Valentine's favorite substance, antimony ore or stibnite. Stibnite was 
widely thought to be related to lead, and was used to purify gold." 
Calling stibnite a ravenous wolf would make sense to anyone who has 
seen it react with metals. When melted, stibnite dissolves—“devours’— 
the metals with breathtaking speed. Corroboration comes from the hint 
“on account of his name [he] is subjected to bellicose Mars.” In German, 
the name for the mineral stibnite is Spiessglanz, literally “spear-shine,” 
in reference to its shiny needlelike crystals. A spear, like all weapons, is 
subject to Mars, the god of war. 

This process works very well today. When a piece of impure gold (for 
example, a 14-karat gold ring or necklace, which contains 58-percent 
gold and 42-percent copper) is thrown into melted stibnite, it dissolves 
almost instantly. Metals other than gold are turned into sulfides that 
float to the surface. A brilliant white alloy of antimony and gold sinks 
to the bottom of the melt, where it is easily retrieved after the crucible 
has cooled. When this alloy (that is, the wolf with the king in his stom- 
ach) is roasted (“make a great fire and throw the wolf into it”), the anti- 
mony evaporates, leaving the purified gold behind. Now that the gold is 
pure, “nothing more to eat will be found in him’; thus, the “lion [king of 
beasts = king of metals] has conquered the wolf.” 

The second key discusses the beverages available in the “courts of 
the powerful,” and notes how the “bridegroom Apollo,” before his mar- 
riage to the "bride Diana," must be carefully bathed with water “which 
you must learn to prepare by various manners of distillation.” Apollo is 
god of the Sun, and the Sun is linked to gold, so it is probable that this 
key starts with the gold purified in the first key. Gold, called king previ- 
ously, is now called Apollo. Decknamen are not constant, even within a 


single book—the tricky (and perhaps playful) chrysopoetic writers mul- 
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tiply them unceasingly, sometimes within a single sentence. The author 
continues, 


The precious water in which the bridegroom needs to have his bath must 
be made most cleverly and carefully from two fighters (understand two 
contrary things)... . It is not useful for the eagle to make his nest alone at 
the top ofthe Alps, for his young would freeze from the snow high up in 
the mountains. But when you introduce to the eagle the old dragon who 
has dwelt long among the rocks, and who creeps in and out ofthe caves 
of the earth, and set the two upon a hellish seat, then Pluto will blow 
strongly and drive out from the cold dragon a flying, fiery spirit whose 
great heat will burn up the feathers of the eagle and prepare a steam-bath 
so that the snow on the highest mountains must melt entirely and turn 
into water, whereby the mineral bath is rightly prepared and can give the 
king good fortune and health.” 


This text almost seems the product of a slightly unbalanced writer, 
as it jumps from image to image with giddy abandon. Yet it too can be 
deciphered practically. The bridegroom’s bath is a liquid prepared by 
the combat of the two fighters, also called eagle and dragon; these an- 
imals are shown on the combatants’ swords in figure 6.4. Fortunately, 
Valentine mentions an eagle once again elsewhere in the book (prob- 
ably an example of the dispersion of knowledge). There he equates that 
eagle with “salmiac,” or sal ammoniac, a salt today called ammonium 
chloride? One of ammonium chloride’s characteristic properties is 
that it sublimes easily—that is, upon mild heating the salt vaporizes and 
then recondenses into a white salt in cooler parts of the flask. Given am- 
monium chloride's ability to sublime, eagle is an appropriate Deckname 
for it—both the salt and the bird fly through the air. (The modern term 
volatilize derives from the Latin volare, "to fly.”) Accordingly, the “snow 
on the highest mountains" must refer to the deposit of pure white sal 
ammoniac that collects at the top of the vessel when the salt sublimes. 

Identifying the dragon requires some knowledge of mineralogy. The 
fact that it lives in caves and around stones suggests saltpeter (potas- 
sium nitrate), a salt found naturally as a crystalline deposit on cave walls 
and in the stone foundations of stables. The remark that the dragon is 
"cold" further hints at saltpeter, for it tastes cool on the tongue, and it 
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Figure 6.4. The second key of Basil Valentine. From Von dem grossen Stein der Uhralten 
(Leipzig, 1602). By courtesy of the Department of Special Collections, Memorial 
Library, University of Wisconsin— Madison. 


perceptibly lowers the temperature of water as it dissolves. Finally, “a 
flying, fiery spirit” can be driven out of saltpeter by heat—we call it nitric 
acid—which clinches the identification. 

Replication proves the correctness of this interpretation. When am- 
monium chloride and potassium nitrate are mixed (“introduce to the 
eagle the old dragon”), placed in a retort in a furnace (“a hellish seat”), 
and heated strongly (Pluto, god of hell, starts to blow), a vigorous reac- 
tion (a fight) does ensue, and a highly corrosive acid distills over. This 
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De dritte Schlüfiel, 


Figure 6.5. The third key of Basil Valentine, encoding the major secret of his 
cohobation process. Note that an early reader recorded his own decipherment on 
the woodcut; he wrote the symbol for gold (©) on the fox and the abbreviation 
for amalgam (aaa) next to the rooster. This interpretation differs from my own. 
From Von dem grossen Stein der Uhralten (Leipzig, 1602). By courtesy of the Department 
of Special Collections, Memorial Library, University of Wisconsin— Madison. 


"mineral bath" is a type of aqua regia, an acid mixture capable of dissolv- 
ing gold. The accompanying image shows Mercury positioned between 
the fighters and standing on wings. The sense here seems to be that the 
medium between the fighters is a winged Mercury—that is, a liquid that 
flies out from the fighting salts. 

The text of the third key (fig. 6.5) describes how water conquers fire, 
and in the same way 
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our fiery Sulfur must be prepared for this art and conquered with water... 
so that the king . . . is utterly shattered and made invisible. But his visible 


form must this time appear again- 


These allusive directions seem to describe the action ofthe prepared acid 
(“water”) on the purified gold (“Sulfur”). Namely, the gold is dissolved 
("utterly shattered") by the acid into a transparent solution ("made in- 
visible”). Making “his visible form ... appear again" implies that the gold 
reappears, suggesting that the solution should be evaporated to leave 
behind a residue, in this case gold chloride. Gold chloride is unstable in 
the presence of heat, so when its solution is evaporated, the residue de- 
composes quickly to produce gold once again—thus, the king's "visible 
form" reappears. 

Valentine continues, "He who would prepare our unburnable Sulfur 
of all the Sages must take care to seek out our Sulfur in something where 
it is unburnable, which cannot be done unless the salty sea has swal- 
lowed the corpse, and then entirely spit it out once again." The Sulfur 
of the Sages is a title for the Philosophers’ Stone, goal of the twelve keys. 
To attain it, Valentine implies, one must use more acid (salty sea) to re- 
dissolve the gold (the corpse, that is, the residue from evaporating the 
first solution), and then distill it off again to restore ("spit out”) the gold. 
This direction seems to make no sense chemically; it does not get us any- 
where. Nevertheless, it describes a common chymical operation called 
cobobation, a technique not used by chemists today. In this process, a liq- 
uid is distilled off of some substance, and then the same liquid is poured 
over the residue and distilled off again—often for dozens of times in suc- 
cession. Figure 6.6 illustrates the useless circularity of the process in the 
modern equivalent of an emblem. What could this repetition possibly 
achieve? 

Valentine then reaches a new crescendo of the bizarre: 


Then raise him up in degree so that he far surpasses all the other stars of 
heaven in brightness . . . this is the rose of our masters, scarlet in color, and 
the red dragon’s blood. ... Endow him with the flying power of a bird as 
much as he needs, thus the rooster will eat the fox, be drowned in water, 
be made living by fire, and be eaten in return by the fox, so that like and 


unlike are made alike.” 
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Figure 6.6. A modern “emblem” expressing the secret of the third key. Gold dissolves 
in acid, forming gold chloride; when the acid is distilled off, the gold chloride is 
decomposed by heat into gold and chlorine gas; the resultant gold is redissolved in 
acid, and so on. 


A good laugh at Valentine’s hodgepodge of weird imagery and high- 
flown language would not be inappropriate. Such language, however, 
typifies seventeenth-century chrysopoeia. The third key (fig. 6.5) shows 
the red dragon in the foreground, and that strangely carnivorous rooster 
both eating a fox and being eaten by him in the background. What con- 
nections familiar to early moderns could form the basis for the meta- 
phors? Roosters had long been linked to the Sun (they crow at sunrise), 
and the Sun in turn to gold. Rooster would then be the fourth Deckname 
for “gold,” previously encoded as king, Apollo, and Sulfur. The fox is a 
particular consumer of barnyard fowl (as in “a fox in the henhouse”), 
and consequently must be a new cover name for the acid that “eats” 
the gold. So, Valentine's allegory can be deciphered as follows: the gold 
drinks in the acid (rooster eats fox), is dissolved by it (drowns in water), 
reappears when heat evaporates the acid (rooster brought back to life by 
fire), and is then redissolved by fresh acid (fox eats rooster) during co- 
hobation. This interpretation seems plausible—it both fits the text and is 
chemically possible—but the process still seems like running in place. 

The direction, however, to give gold “flying power’ that would “raise 
him up” above the stars, seems totally absurd. These phrases imply that 
the gold is somehow to be made volatile. It seems impossible to make 
something so heavy, solid, and stable in the fire as gold evaporate! In fact, 
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the volatilization of gold represented both a desideratum and a point of 
ridicule in the early modern period. To “make the fixed volatile and the 
volatile fixed” was a guiding axiom for making the Philosophers’ Stone, 
and few substances are more “fixed” (that is, nonvolatile) than gold. 
Making it volatile would therefore seem to be a huge step toward fulfill- 
ing an instruction handed down from the "ancient sages," and a clear 
sign that one was on the right path. At the same time, critics jeered at the 
notion as an example of foolish "alchemical fancy." In the 1717 comedy 
Three Hours After Marriage, for example, a character posing as a Polish al- 
chemist brags of his skills in transmutation. When asked by a doctor how 
he succeeded, the sham alchemist rattles off a list of operations on gold, 
including its volatilization. The doctor, who has studied chrysopoeia, be- 
comes suspicious at this point and warns him to "have a care what you 
assert. The volatilization of gold is not an obvious process. It is by great 
elegance of speech called, fortitudo fortitudinis fortissima.” 

Despite being "the most difficult difficulty of the difficulty," in 1895, 
long after both the alchemical claim to volatilize gold and its ridicule 
had faded from memory, this very process—allegorically described three 
hundred years earlier by Basil Valentine—was actually rediscovered in- 
dependently and chemically explained.” Valentine apparently bad suc- 
ceeded in volatilizing gold. Seventy years after him, so had Robert Boyle, 
who successfully deciphered and followed experimentally at least the 
first three of Valentine's Twelve Keys during his own quest to prepare 
the Philosophers’ Stone.” I have tried the process myself and found it ex- 
tremely difficult to carry out, but it eventually succeeded beautifully." 

Valentine's astonishing success depended on that seemingly useless 
cohobation. The repeated formation and decomposition of the gold 
chloride fills the distillation apparatus with chlorine gas. This toxic gas 
prevents the decomposition of the otherwise highly unstable gold chlo- 
ride, allowing it to sublime as beautiful ruby-red crystals, or in Valentine's 
more vivid language, “the rose of our masters . . . and the red dragon's 
blood." 

Four historical lessons can be drawn from this examination and repli- 
cation of the first of the Twelve Keys. First, at least some cryptic texts and 
emblems dealing with making the Philosophers Stone do encode real 
chemical processes that their authors carried out. Second, these bizarre 
allegories and emblems can be rationally and methodically deciphered, 
meaning that their authors constructed them carefully, not only to con- 
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ceal their knowledge, but also to reveal it in a measured way to the most 
talented and thus the most worthy readers. Third, readers expected such 
allegorical language and imagery to have a specific, discernible mean- 
ing; they labored at understanding it, and at least some of them suc- 
ceeded well enough to replicate the processes.?? Fourth, it is clear that 
at least some chrysopoeians had truly remarkable practical skills—Basil 
Valentine (whoever he really was) would be an acclaimed experimentalist 
even today. The volatilization of gold chloride is an extremely difficult 
and delicate operation with modern equipment—yet our would-be 
Benedictine monk accomplished this astonishing feat under the com- 
paratively primitive working conditions (such as poor glass and charcoal 
fires) of the late sixteenth century. 

Several subsequent keys continue to elude complete decipherment. 
One mysterious point is the identity of the queen/bride/Diana/Mercury 
that is eventually to be married to the king/bridegroom/Apollo/Sulfur/ 
rooster, that is, combined with the sublimed gold. Their marriage (union 
or combination) is depicted in the sixth key (fig. 6.7). 

In 1618, the chrysopoetic author Michael Maier published a Latin 
translation of Valentine’s book with elegant engravings replacing the 
original crude woodcuts.” Significantly, Maier inserted his own idea 
about the queen’s identity by silently rearranging the first key (fig. 6.8; 
compare with 6.3). He shifted the wolf to the left in front of the king, 
and put Saturn on the right, now straddling a small oven, in front of the 
queen. These minor alterations to the engraving significantly change its 
meaning! Now the image depicts the purification of both gold and silver— 
gold purified with stibnite as before, but now also silver purified with 
lead, by a process known as cupellation. In cupellation, impure silver is 
melted with lead in a shallow dish made of bone ash, called a cupel. A 
stream of air is blown across the molten mixture, causing the lead and all 
the base metals alloyed with the silver to oxidize, whereupon they are 
either absorbed by the cupel or blown away. Pure silver is left behind. 
In Maier's engraving, Saturn is no longer the wolf’s sire, but lead; the 
queen is no longer a yet-unidentified material to be combined in the fu- 
ture step with purified gold, but silver. Maier apparently believed he had 
correctly deciphered the meaning ofthe queen and decided to encode it 
into a reengraved emblem as a “gift” to his readers. 

An early owner of the book from which figure 6.7 is reproduced came 
to a different conclusion, which he scribbled on the woodcut. Above the 
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Figure 6.7. The sixth key of Basil Valentine; the identity of the queen (and the 
bishop?) remain unclear, although an eatly reader inked in his own guesses. From 
Von dem grossen Steín der Uhralten (Leipzig, 1602). By courtesy of the Department of 

Special Collections, Memorial Library, University of Wisconsin— Madison. 


queen's head he wrote the symbol for metallic antimony prepared using 
iron, the so-called martial regulus. These differing interpretations show 
how intelligent readers could draw conflicting conclusions from the 
same cryptic text and image (and I dont think that either Maier or the 
anonymous reader got it right). 

The reader, however, probably has more justification for his view 
than does Maier, for Valentine himself might be giving hints in his ninth 
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key regarding the queen’s whereabouts. Here the text deals with col- 
ors and describes the stage in making the Philosophers’ Stone in which 
the material sealed in the flask changes from black to white to red. The 
accompanying illustration (fig. 6.9) emblematizes the maturing stone. 
The king and queen are shown naked, while on their heads and feet rest 
the four birds symbolizing the successive stages in producing the stone— 
the black crow at the top, the multicolored peacock at the bottom, the 
white swan at the left, and the fiery red phoenix at the right. But if we 
step back a little and ignore the details, the overall design resolves into a 
circle surmounted by a cross formed by the oddly bent bodies of the king 
and queen: in short, the chymical symbol for antimony (stibnite). 

As commonly happens in chrysopoetic texts, the end of Valentine’s 
book is the most easily understood. The eleventh and twelfth keys de- 
scribe operations after the stone has reached the red stage. In the last key, 
Valentine decides not employ “any philosophically flowery or figurative 
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Figure 6.8. Michael Maier’s reengraved first key of Basil Valentine, published in 
Tripus aureus (Frankfurt, 1618). Courtesy of the Roy G. Neville Historical Chemical 
Library, Chemical Heritage Foundation, Philadelphia. 
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speech, but instead to reveal this key without any defect, in a complete 
and truthful process,” and then gives a straightforward recipe for “fer- 
menting” the stone by fusing it with gold. Despite the clear instruction, 
this combination of the Red Stone with gold is still depicted allegorically 
(fig. 6.10) as a lion eating a snake—probably a basilisk, one of the animals 
commonly linked to the Philosophers’ Stone.? 


f 
i 


Der neiinte Schlüffel. 


Figure 6.9. The ninth key of Basil Valentine, showing the various colors of the 
maturing Philosophers’ Stone, and perhaps hinting at a crucial ingredient. 
From Von dem grossen Stein der Uhralten (Leipzig, 1602). By courtesy of the Department 
of Special Collections, Memorial Library, University of Wisconsin— Madison. 
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Der smölffte Schlüflel, 


Figure 6.10. The twelfth key of Basil Valentine, depicting the “fermentation” of the 
Philosophers’ Stone, enabling it to transmute base metals into gold. From Von dem 
grossen Stein der Uhrhalten (Leipzig, 1602). By courtesy of the Department of Special 

Collections, Memorial Library, University of Wisconsin— Madison. 


Sources of Chrysopoetic Claims 


There can now be no doubt that the exotic allegorical text and emblem- 
atic woodcuts in Of the Great Stone encode real chemistry that is ground- 
breaking for its time. How far could Valentine have gotten in his quest? 
Unless our current knowledge of chemistry is significantly flawed, he 
could not have succeeded in producing the transmutative Philosophers’ 
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Stone. So where did the rest of the keys come from, if not from labora- 
tory results? I would suggest that Valentine's book—and by extension 
many other chrysopoetic texts—results from the compilation of three 
different sources of information. Valentine’s first keys are based on his 
own laboratory experience, and culminate in the volatilization of gold, a 
result so surprising and promising that it must have thrilled the author 
and convinced him that he was on track for producing the stone.?' The 
middle keys, which are more obscure and less unambiguously decipher- 
able, encode processes the author predicted as the next steps based on 
theoretical considerations, but which he had not yet accomplished. The 
final keys, the most straightforward of all, present material borrowed 
more or less directly from earlier books. Since the steps after sealing 
the prepared material in the “philosophical egg” had become virtually 
canonical by the end of the sixteenth century, there was no reason to 
encode them. Thus, by drawing on laboratory results, theoretical ex- 
trapolations, and textual precedents, Valentine mapped out a “plausi- 
ble” route to the Philosophers’ Stone, and encoded it as the Twelve Keys. 
His laboratory results, aligning beautifully with the axiom about making 
the fixed volatile, convinced him of his progress while the books of the 
"ancient sages" assured him that the goal had been reached by others 
before him. All that remained were the “missing links” in the middle of 
the process. Perhaps he was still hard at work on those operations when 
he wrote the Twelve Keys. 

Although conjectural, this interpretation provides a plausible expla- 
nation of at least some chrysopoetic works. How many such texts can 
be explained by means of it remains an open question, but what I call 
“chymical optimism” based on encouraging laboratory results must play 
some role in texts claiming success with preparing the stone. Another 
example that corroborates this notion brings up one of the most remark- 
able characters of seventeenth-century chymistry—George Starkey. 


Growing Your Own Gold: Starkey and the Philosophical Tree 


Starkey represents a microcosm of seventeenth-century chymistry. He 
made and sold commercial products like perfumes, essential oils, and 
cosmetics; he labored to discover the alkahest; he practiced medicine 
and prepared new pharmaceuticals along Helmontian lines; he designed 
novel apparatus; he developed new theories of chymistry; he dabbled 
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with animal palingenesis; he worked in refining and mining operations; 
he avidly explored metallic transmutation; and he strove to prepare the 
Philosophers’ Stone. He wrote extensively, and (perhaps inadvertently) 
became one of the most highly regarded and widely read chrysopoetic 
authors of the seventeenth century. 

George Starkey was born in Bermuda in 1628. His father, a Scottish 
minister who had relocated to the island, died while Starkey was young. 
As he showed considerable intellectual aptitude, his guardian sent him 
to be educated at a newly founded institution in the Massachusetts Bay 
Colony, Harvard College, where Starkey graduated in 1646. During his 
undergraduate days he developed a keen interest in chymistry and soon 
gained notoriety for his precocious knowledge and achievements.” In 
1650, partly out of frustration at trying to conduct chymical experiments 
with inadequate materials and equipment, Starkey left America for 
England. He settled in London, and met several thinkers interested in 
new knowledge of all kinds, including an equally young ( but vastly more 
wealthy) Robert Boyle. Starkey apparently encouraged Boyle’s incipient 
interests in chymistry, and taught him a great deal from his own store 
of information and experience. At about the same time, Starkey began 
recounting remarkable stories about an adept he had met in America 
who possessed both the Red and the White Philosophers’ Stones, and 
gave him a portion of the white one. This mysterious adept, who went by 
the name of Eirenaeus Philalethes (meaning “peaceful lover of truth”), 
also shared several of his manuscripts with Starkey. Starkey circulated 
some of these writings privately in London, where they generated great 
interest. 

Although it seemed promising, Starkey’s life turned out to be any- 
thing but easy. After establishing a lucrative practice as a physician, he 
eventually turned away his patients to devote himself full time to the 
pursuit of the “secrets of nature,” namely chymistry in all its forms. 
But experimental research, then as now, was a costly and risky enter- 
prise; Starkey soon found himself in debtor's prison. After his release, 
he renewed his search for better medicines and metallic transmutation, 
making and selling medicinal preparations, oils, and perfumes to help 
finance his experiments. Astonishingly, several laboratory notebooks 
he kept during the 1650s have survived to this day. These documents 
provide an extraordinary witness of the daily work and thoughts of a 
mid-seventeenth-century chymist in that they record his successes and 
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his failures, his reflections on his projects and their progress, his method 
for proposing experiments based on the best theories of the day, and his 
use of experiments to amend those theories. The notebooks even record 
his methods for converting allegorical writings into practical laboratory 
instructions.” 

When the Great Plague of London—the last major outbreak of bu- 
bonic plague in Europe—erupted in 1665, the licensed physicians fled 
the city. Starkey and his fellow advocates of chemiatria, however, stayed 
behind. They challenged the fleeing doctors to test whose medicines 
would cure more people of the disease. The challenge went unanswered. 
During the height of the contagion, Starkey caught the plague himself 
and died a few days later at the age of thirty-seven. 

Although Starkey’s life came to a premature end, the adept Eirenaeus 
Philalethes lived on. The Philalethes manuscripts Starkey had circulated 
began to be published and quickly gained enormous popularity. Among 
their careful readers was Sir Isaac Newton, who not only conducted 
experiments along the lines suggested by Philalethes but also adopted 
and further developed some of Philalethes’ theories on the structure of 
matter.** Eager searches were made to locate more manuscripts as well 
as to find the mysterious adept himself. Fresh rumors about him and 
his whereabouts continued to emerge into the eighteenth century. Of 
course, these prized manuscripts were really Starkey's own compositions. 
One of his notebooks actually contains drafts of short and unfinished 
“Philalethes” treatises.” But he hid his authorship so well, and appar- 
ently told the tales of Philalethes’ exploits so convincingly, that even his 
friend Boyle never knew the truth. Starkey published several books and 
pamphlets under his own name, but they never gained the renown of 
those by the famed Eirenaeus Philalethes. Starkey was keenly interested 
in developing coherent chymical theories, even while indulging in some 
of the most extravagant allegorical writing to be found anywhere in the 
whole literature of chrysopoeia. In his Philalethes writings, he recapitu- 
lates, categorizes, and critiques a range of contemporaneous ideas about 
the Philosophers’ Stone and its preparation. These admirable qualities 
certainly contributed as much to the popularity of these texts as did ex- 
otic tales about their supposed author. 

The approach of Philalethes, or rather of Starkey, to the problem of 
how to prepare the Philosophers’ Stone is quite different from that of 
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Basil Valentine. The Twelve Keys exemplifies one major route to the 
stone, called the “wet way" (via bumida) because it employs watery sol- 
vents—in this case, the acidic water of the fighters. Starkey exemplifies 
the other major route—the "dry way" (via sicca), which uses no such wa- 
tery corrosives, only a “dry water,” or as a stock phrase expresses it, “a 
water that does not wet the hands." Starkey's work falls under a school 
of chrysopoeia called mercurialist. For mercurialists, the key to achieving 
the Philosophers Stone is preparing a Philosophical Mercury from ordi- 
nary mercury by a process of purification and “animation.” This "ani- 
mation’ refers not to anything like the experiments of Dr. Frankenstein 
but rather to the implantation of a "soul" into common mercury that 
corrects its usual coldness and wetness with an internal heat. This “soul” 
is not literally a spiritual entity any more than the "soul of gold" (anima 
auri) mentioned in chapter 5. Instead, it signifies a substance able to 
"heat" the mercury, giving it new properties. The term draws compari- 
son with the animal soul that supplies "vital heat" to living creatures as 
long as the animal lives. 

Interest in "animating" common mercury to provide a Philosophical 
Mercury is evident in dozens of texts from the sixteenth to the eigh- 
teenth century, and forms a coherent "research program" pursued by 
generations of hopeful mercurialists. Some chose to provide the heat 
of animation with gold, as in the case of Gaston Duclo in the late six- 
teenth century. Others chose various metals, quicklime, salts, or—like 
Starkey—antimony." In fact, Starkey's preparation of "stellate regulus of 
antimony" (elemental antimony with a striking crystallization pattern 
on its surface; see plate 3) for use in this process beautifully exempli- 
fies how chymical writers could use either highly allegorical or perfectly 
plain language, depending on their intended audience. The encoded 
style is appropriate for publications, where a veil of secrecy is obligatory 
to screen out those readers unworthy or potentially abusive of the secret. 
The straightforward style is used for private documents, where the read- 
ership is already restricted, as with Starkey's laboratory notebooks and 
his personal letters. This point bears underscoring; it has sometimes been 
said that "the alchemists" (as if they were all the same!) were incapable 
of clear expression, because either their ideas and processes had no clear 
meaning, or their language was in some way an “ecstatic” declaration 
rather than consciously encoded words. Such assertions are groundless. 
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In Philalethes’ Open Entrance to the Closed Palace of the King (1667), 
the chapter titled "Of the first operation of the preparation of the sophic 
Mercury by the flying eagles” tells readers how to begin the animation 
process. 


Take our Fiery Dragon that hides the Magical Steel in its belly, four parts, 
of our Magnet, nine parts, mix them together with torrid Vulcan ... throw 
away the husk and take the kernel, purge thrice with fire and Sun, which 
will be easily done if Saturn sees his form in the mirror of Mars. Thence 

is made the Chamaeleon or our Chaos, in which all secrets are hidden in 
virtue not in act. This is the Hermaphroditical Infant infected with the 
biting of the Corascene mad dog. ... Yet there are two doves in the wood 


of Diana that assuage his mad rabies.?? 


Years before these obscure directions appeared in print, Starkey had 
given instructions for the same process in a letter to Boyle. In spring 1651, 
Starkey told his friend to take 


of antimony nine ounces, and of iron four ounces (which is the true 
proportion) ...let the fire be so strong as to cause the matter to flow... 
poure it into a horne, and in the bottom wil be the Regulus, and a shining 
slag above it. Separate them when they are cold. ... You must have the 
mediation of Virgine Diana, that is, pure silver. ... Now Sir take of this 


Regulus one part, of pure silver two pas 


Elsewhere in the same letter, we find explanations for why this antimony 
regulus is called "hermaphroditic" and “rabid,” and most of all, how to 
use it to prepare a Philosophical Mercury. For his part, Boyle himself 
found the results of this process so promising that he experimented with 
it for nearly forty years in attempts to turn the Mercury it produced into 
the Philosophers’ Stone. He also allowed part of the letter to be copied 
(probably to Starkey's horror), and these copies found their way into nu- 
merous hands all across Europe. Newton himself owned one, but by the 
time it got to him it had passed through so many hands that its original 
connection to Starkey had been forgotten.* 

Why was there so much interest in this Philosophical Mercury? 
Mercurialists maintained that it and common gold were the two start- 
ing materials for making the stone. Sealed in the philosophical egg, the 
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two would react, display the necessary colors of black, white, and red, 
and produce the elixir. Many mercurialists (Starkey included) based 
their theory of the stone on the concept of semina, or seeds—those prin- 
ciples capable of organizing matter into specific substances and forms. 
They argued by analogy that since the seed of an apple, for example, is 
found only in an apple, the seed of gold must be found in gold alone. But 
experience teaches that simply mixing or melting gold with base met- 
als does not cause transmutation; the seed of gold cannot act on other 
metals while it remains locked within the metallic body of gold—in that 
state it is dormant and weak. The Philosophical Mercury liberates and 
activates the seed of gold. The Mercury dissolves gold gently and natu- 
rally (rather than the violent, destructive way that acids act), freeing 
the seed with all its powers intact from the body of gold. The Mercury 
“nourishes” the seed and, upon extended heating in the flask, allows it to 
strengthen and multiply, finally culminating in the Philosophers’ Stone, 
whose active principle is the highly activated seed of gold. The seed in 
the stone, no longer weak and inactive as it was while still in gold, can 
now bring about transmutation by reorganizing the underlying matter 
of a base metal into gold. 

As mentioned previously, the word seed is metaphorical in this con- 
text; many who supported this theory of the stone’s action stressed this 
point. In general, they did not see the metals as “alive” like a plant, or 
believe that metals were propagated by anything resembling the literal 
seeds a gardener puts into the ground. Yet the similitude drawn be- 
tween the “seeds” of metals and the seeds of plants gave rise to an array 
of ancillary explanations and illustrations—which is the major purpose 
of metaphors, and why they remain crucial in the sciences to this day. 
Thus, mercurialist texts often draw on additional horticultural images 
related to notions of “seed.” Just as ordinary water is necessary for the 
swelling and germination of ordinary seeds and their growth into plants 
aboveground, so too the Philosophical Mercury is considered a kind 
of “water” needed for the “germination” of gold and its “growth” into 
the Philosophers’ Stone. Accordingly, Starkey's favored author, George 
Ripley, writes that with Philosophical Mercury, 


dyd Hermes moysture hys Tre: 
Wythyn hys Glas he made to grow upryght, 
Wyth Flowers dyscoloryd bewtyosely to syght." 
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Jean Collesson, a mercurialist of the first half of the seventeenth cen- 
tury, writes that the value of Philosophical Mercury lies in its ability to 
“make gold vegetate and germinate.” He assures his readers that if a pre- 
pared Mercury does not make gold “vegetate to sight,” then it is not the 
true Mercury of the Philosophers.* Philalethes (or rather Starkey) also 
uses agricultural metaphors extensively, and catalogues their appearance 
in earlier authors’ works. Noting the many authors who refer to plants 
and trees in the context of the Philosophers’ Stone, Starkey writes that 


this tree of ours some have compared to one thing, and some to another; 
some to a Cypress or Fir-Tree, which indeed may seem to resemble it; 
others to Haw-Thorn Trees, as Ripley in his Gate of Cibation; others to 
Shrubs and Bushes, others to thick Woods. ...I confess there is a simili- 
tude between our Germination and all these; .. . others have called it 
their Coral, which is indeed the fittest comparison, for in our Tree there 
are Shoots and Sprigs, without any thing that may be properly likened to 
Leaves: as then Coral is an union of a Vegetable and a Stony nature, so is it 


in our Tree...” 


Within the context of the largely agrarian society ofthe early modern 
period, when people were closer to the experience of farming and gar- 
dening than most of us are today, botanical imagery provided an easily 
intelligible analogy for the conceptualization of the stone and the role 
of Philosophical Mercury in producing it. But can the vividness of the 
metaphor alone explain the long-term fascination with formulas for the 
Philosophical Mercury on the part of Starkey, Boyle, and so many oth- 
ers? Some writers with a dim view of chrysopoeia have attributed such 
continued interest to obsession—although obsession is usually a prereq- 
uisite for serious study and discovery—or some sort of delusion or “cycle 
of failure.” Is there anything more behind it? 

Once again, I thought that the best way to answer these questions was 
to re-create the experiments these authors “obsessed over” to see what 
they themselves saw. Starkey’s laboratory notebooks provided a start- 
ing point. Unfortunately, only a few of his many notebooks survive, and 
so a complete plaintext description of his work did not exist. Working 
in part from surviving notebooks and correspondence, and filling the 
gaps with published interpretations of the Philalethes texts, I pieced 
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together a reasonably complete account of his method for making and 
using Philosophical Mercury. As with Valentine’s preparations, some of 
Starkey’s procedures made no sense from a modern chemical perspec- 
tive. But a little obsession goes a long way, and after a month of laborious 
and repetitive work I prepared a small quantity of what Starkey claimed 
to be the sought-after “animated” Philosophical Mercury, although it 
looked little different from what I had started with. 

Following Starkey’s hints, I mixed this Mercury with gold to produce 
a buttery mixture, which I placed in a flask approximating the form of 
a philosophical egg. The “egg” was sealed, buried in a sand bath, and 
heated (plate 4). For several weeks, I varied the heat, since the original 
texts do not (and in fact could not, in the age before laboratory ther- 
mometers) provide a clear indication of the temperature used originally. 
The mixture did little more during this time than swell slightly, increas- 
ing in fluidity and then becoming partly covered with warty excres- 
cences. Finally, a few days after the right temperature had apparently 
been achieved, I arrived at the laboratory one morning to discover that 
the mixture had taken on a completely new—and extraordinarily sur- 
prising—appearance overnight. Only a gray amorphous mass lay at the 
bottom of the flask the day before, while a glittering and fully formed 
tree filled the vessel on the following morning (plates 5 and 6). 

My first reaction to this sight was utter disbelief, and then—after 
becoming relatively certain that I had not taken leave of my senses—a 
sense of awe and wonder. Imagine, then, what any chrysopoeian of the 
seventeenth century must have thought when he witnessed such a sight. 
It certainly would have seemed a powerful vindication of his belief that 
the Philosophers’ Mercury could liberate, activate, and nourish the 
“seed” of gold. It would have reminded him instantly of earlier authors 
who spoke of gold’s “vegetation” and of the “Tree of Hermes.” It would, 
in short, have been vivid and unquestionable proof that he had found 
the “entrance to the palace of the king,” that is, the crucial threshold 
leading to the Philosophers’ Stone. For the historian, the reality of this 
Philosophical Tree indicates unambiguously that at least some of the 
imagery of chrysopoeia, bizarre as it might seem, stems from the literal 
appearance of reacting chemicals. 

A surviving fragment of an otherwise lost Starkey notebook indicates 
clearly that the American alchemist saw the same Philosophical Tree. 
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On Tuesday, March 5, 1652, he recorded that a mixture of his Mercury 
and gold “stood 12 whole days for the greatest part of the time in arbo- 
rescentia, that is, “in growing trees.”* Given the results from replicat- 
ing his process, we know now that he must be taken literally when he 
claims, “I have now in the fire several glasses of gold with that mercury 
which grow in the forme of trees.”* In light of this visually impressive 
outcome, we can better understand the dogged pursuit of this route 
to the Philosophers’ Stone; a sight such as this one must have provided 
enormous encouragement to continue experimenting. 

Although other treelike (or dendritic) chemical “growths” were 
known in seventeenth-century chymistry, they are far different from the 
one shown in plate 6. The most well known was the “Tree of Diana,” a 
simple crystallization of silver precipitated from a silver nitrate solution. 
These “growths” were familiar parlor tricks in the seventeenth century 
and persist today in the repertory of “chemical magic" shows." In terms 
of both chemistry and historical significance, these trivial productions 
are not comparable to the jealously-guarded secret of the mercurialists' 
Philosophical Tree—tightly linked to chrysopoeia—which grows com- 
pletely unexpectedly in a sealed vessel from an amorphous mixture of 
metals at high temperatures. 

Starkey's continued experimentation apparently did not lead to the 
Philosophers’ Stone; otherwise, it is doubtful he would have ended up in 
debtor's prison. The failure finally to obtain the stone, despite encourag- 
ing results such as gold's volatilization or its germination into a glitter- 
ing tree, provokes the next question: why were so many people certain 
that the Philosophers’ Stone could be, and had actually been, prepared? 
What evidence supported the widespread belief in its existence? 


Evidence for the Philosophers’ Stone 


Nowadays, skepticism about the existence of the Philosophers’ Stone is 
based primarily on the fact that its supposed powers run counter to ac- 
cepted scientific matter theory. In the early modern period, however, the 
stone fit neatly into then-prevailing theories of matter. Transmutation 
was not contrary to contemporaneous systems of scientific thought. 
There existed no compelling theory with which to reject the stone’s real- 
ity. On the contrary, various explanations for its powers, plausible in the 
context of the time, were available. Metallic transmutation appeared to 
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occur spontaneously, albeit slowly, in nature; the chrysopoeian sought 
only a speedier means of effecting it, using what we might call (with 
some anachronism) a catalyst. The widespread tenet that all substances 
are composed of the same fundamental “stuff”—a view encapsulated in 
the ancient ozroboros (fig. 1.1) and reinvigorated by the most up-to-date 
ideas about matter in the seventeenth century—guaranteed at least the 
theoretical possibility of transforming anything into anything. 

While these theoretical considerations rendered the stone a possibil- 
ity, it took more to convince early modern people that it was also a real- 
ity. A second source of support came from eyewitness testimony. The 
literary heritage of alchemy contained descriptions of the stone and its 
effects dating back nearly a millennium. In the seventeenth century, a 
new genre of textual evidence emerged—the “transmutation history,” 
testimonial accounts from recognized persons who had witnessed trans- 
mutation. These eyewitness accounts appeared both singly and as col- 
lections. One early example of the latter, published in 1604, is Histories 
of Several Metallic Transmutations . . . for the Defense of Alchemy against 
the Madness of its Enemies by Dutch author Ewald van Hoghelande. Such 
collections enjoyed a resurgence during the revival of chrysopoeia in late 
eighteenth-century Germany, and have even been compiled and pub- 
lished in our own era by alchemical believers and those who endeavor to 
vend "mysteries." ^? 

Many accounts involve anonymous adepts who perform projection 
privately in front of aspiring chrysopoeians or skeptics. While some tales 
are so outlandish that they could scarcely fail to provoke a smirk from 
the modern reader (and probably had the same effect on the early mod- 
ern reader), many are painstakingly precise, noting exact times, places, 
and persons in attendance, the quantity of gold or silver produced, the 
appearance of the transmuting agent (almost invariably a red powder), 
and so forth. Some of these demonstrations proved unhealthy for the 
demonstrator. News of transmutations performed in Berlin in 1701 by 
an apothecary’s apprentice named Johann Friedrich Böttger (1682-1719) 
not only drew the mathematician and philosopher Gottfried Wilhelm 
Leibniz (1646-1716) to the scene but also led to Bóttger's arrest by sol- 
diers of Duke August the Strong of Saxony. Böttger spent the rest of his 
life in confinement, where, although he did not satisfy August’s demands 
to make gold, he did help discover the secret to making porcelain, a 
commercial product that proved nearly as lucrative.” Such accounts— 
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Bóttger was not the only transmuter imprisoned for his reputed knowl- 
edge—underscore a very practical reason for secrecy and anonymity in 
alchemy. 

Some demonstrations took place more or less publicly, at a princely 
court or learned assembly, and were sometimes commemorated by the 
striking of coins or medallions from the transmuted metal itself.°° In fact, 
by the end of the seventeenth century, a sufficient number of such coins 
had been struck that an entire dissertation was written about them, and 
many of these alchemical artifacts survive today (plate 7).°! 

The account published in 1667 by Johann Friedrich Helvetius (1625- 
1709), physician to the prince of Orange, achieved enormous notoriety.?? 
On December 27, 1666, a stranger appeared at Helvetius's house in The 
Hague. Since Helvetius had previously written skeptically about chryso- 
poeia, his visitor engaged him in conversation on this topic. After some 
discussion, the stranger took out a small ivory box containing three heavy 
lumps of a glassy substance, which he claimed to be the Philosophers’ 
Stone in sufficient quantity to produce twenty tons of gold. On a second 
visit, he gave Helvetius a piece of the stone "smaller than a rapeseed." 
After the man had left, Helvetius melted some lead, cast the particle of 
the stone on it according to the directions he had been given, and found 
his lead turned into gold. 

The city mint master analyzed the metal and found it to be pure gold. 
Moreover, when he melted a sample with silver to assay it, the alchemical 
gold actually transmuted some of the added silver, yielding a 33-percent 
increase in the total amount of gold. As Helvetius suggests, this result 
was caused by an "excess of tincture.’ Prominent intellectuals sought 
to verify the accounts—the philosopher Benedict Spinoza, for example, 
traveled to visit and question both Helvetius and the assayer.°* 

Another striking example was discovered recently among Robert 
Boyle's unpublished papers, held today at the Royal Society of London, 
the scientific institution he helped to found. Around 1680, Boyle wrote 
Dialogue on tbe Transmutation and Melioration of Metals, which argues 
in favor of the Philosophers' Stone and its powers, and includes several 
transmutation accounts that had been relayed to him privately. But this 
unpublished text also contains a vividly recounted first-person narrative 
of Boyle's own eyewitness of projective transmutation.” Boyle tells how 
he was introduced to a man who offered to show him an experiment that 
would transform lead into a mercury-like metallic liquid. Boyle sent his 
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servant to obtain lead and crucibles for the experiment. When the ex- 
periment miscarried (the crucible fell over in the fire), the man offered 
to demonstrate another experiment, which Boyle mistakenly assumed 
would be a repetition of the miscarried one. He continues his account: 


The Lead being strongly melted, the Traveller opened a small piece of 
folded paper wherein there appear’d to be some grains, but not very 
many, of a powder that seemed somewhat transparent almost like exceed- 
ing small Rubies, and was of a very fine and beautifull red. Of this he tooke 
carelessly enough, and without weighing it, upon the point of a knife as 
much as I guessed to be about a grain or at most betwixt one grain and 
two, and then presenting me the haft of the knife he told me that I might 


if I pleasd cast in the powder with my owne hand.° 


But Boyle, who was often infirm, suffered from light-sensitive eyes 
such that he feared he would spill the powder accidentally while gazing 
into the glowing fire, and “therefore restoring the knife to the Traveller 
I desired him to cast in the powder himselfe which he did whilst I stood 
by and looked on.”*’ After covering the crucible and heating it strongly 
for fifteen minutes, the two men took it out of the fire and let it cool. 
Boyle continues, 


The Crucible having been kept till it was cool enough to be managed 
without doeing harme we remov’d it to the window where, instead of 
running Mercury, I was surprised to find a solid Body, and my surprise 
was increased when the Crucible being inverted, though yett a little hott, 
the Mass that came out (and still retaind the figure of the lower part of 
the vessell) appear’d very yellow. And when I took it into my hand, it 

felt to my thinking manifestly heavier then so much Lead would have 
done. Upon this, turning my eyes with a somewhat amazed look upon the 
Traveller’s face, he smiled and told me he thought I had sufficiently un- 


derstood what kind of experiment that newly made was design'd to be.’ 


Boyle took the yellow metal with him; all his tests showed it to be 
gold. Soon thereafter, one of his friends, probably Edmund Dickinson 
(1624-1707), professor of medicine at Oxford and first physician to the 
king, told him of meeting the same traveler a few days later in Oxford. 
There Dickinson witnessed two transmutations—one starting with lead 
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and the other with copper. “And in this last,” writes Boyle, “the Physician 
[Dickinson] for fuller satisfaction would needs have the operation try'd 
on some of our English Copper farthings that he took out of his owne 
Pockett, which, though much more difficultly melted than the Lead had 
been, were no less really transmuted into Gold.”” 

This experience was enough for Boyle. He later told his confessor, the 
bishop Gilbert Burnet, that this incident gave him "convincing satisfac- 
tion" ofthe reality ofthe Philosophers' Stone and its ability to transmute 
metals.” In fact, in 1689 both Boyle and Burnet testified to the reality of 
transmutation before Parliament in order to have King Henry IV's 1404 
law forbidding transmutation repealed; on the strength of their testi- 
mony, the old law was removed.°! 

Early moderns thus heard regular reports of successful transmuta- 
tions being carried out all across Europe. These narratives provided 
them with continuing evidence for the real existence of the stone. 
Even if such accounts failed to convince every skeptic, they neverthe- 
less offered fresh support and incentive to both practicing and armchair 
chrysopoeians. For them, the various sources of evidence reinforced one 
another. Contemporaneous testimonial accounts, affirmations by re- 
spected textual authorities, coherence with the best scientific theories 
of the day, and the sight of remarkable and striking laboratory phenom- 
ena such as the Philosophical Tree coalesced into a persuasive case that 
the Philosophers’ Stone was both real and a worthwhile goal to pursue. 
Despite the debates over transmutation that had gone on for centuries, 
many leading intellectuals and natural philosophers (scientists, in our 
lingo) remained convinced of the reality of the stone and its powers. 
Many of the chymical practitioners who labored to uncover the secrets 
of chrysopoeia were serious thinkers and talented experimentalists, and 
several were also celebrated figures of the Scientific Revolution, such as 
Boyle and Newton. 


This chapter focused primarily on revealing the actual practices and 
the chemistry that lies concealed beneath alchemy's forbidding tangle 
of secretive language and imagery. It was necessary for me to illustrate 
and stress such laboratory practices because of the widespread tendency 
to minimize chrysopoeia's rational and practical chemical content. But 
chymistry—despite its firm anchor in the practical transformation of 
material substances—had a much wider ambit than does modern chem- 
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istry. It was a rich tincture that colored multiple facets of early modern 
culture. It also offers modern readers a gateway to understanding early 
modern ways of thinking about and experiencing the world—ways that 
differ markedly from modern ones, and hold their own striking beauty 
and power. The next chapter approaches the subject of alchemy from 
other directions, sampling its broader context and vision. 


THE WIDER WORLDS OF 
GEPEMISERY 


hymistry was not a rarely glimpsed subject in the sixteenth and sev- 

enteenth centuries, nor did it exist in isolation from its intellectual 
and cultural context. Rather, it caught the attention and fired the imagi- 
nation of many who never handled a crucible or an alembic. This chap- 
ter examines how alchemy permeated and interacted with early modern 
culture more broadly, well beyond the laboratories and workshops filled 
with the fumes of chymical fires. Equally important, the ways in which 
many chymists thought about their work and the world often differ from 
modern perspectives, and exemplify widespread ideas of the period. The 
study of alchemy in fact helps to illuminate broader aspects of the early 
modern worldview. Understanding alchemy requires being able to study 
it, at least for a time, through early modern eyes. 


Alchemy’s Disputed Place in Intellectual Culture 


Allegorical images provide a good place to begin. Not every book of 
chymical emblems was created to be some sort of encoded laboratory 
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notebook. Chymical books of emblems had multiple formats and multi- 
ple purposes. One ofthe most famous authors ofthese was Michael Maier 
(1568-1622).' His lavish Atalanta fugiens (Atalanta Fleeing) contains fifty 
beautiful engravings by the famous Swiss engraver Matthaeus Merian 
the Elder (1593-1650), and is the source for many of the alchemical im- 
ages most commonly reproduced today. In contrast to Basil Valentine’s 
organized sequence of “keys” that expound a single text and encode a 
single process, Maier’s Atalanta fugiens is a florilegium of images. It col- 
lects imagery and expressions from an array of earlier authors—Hermes, 
Morienus, Valentine, and others—and assembles them into one of the 
most intricate and rich layerings of meaning to be found in chymistry.? 
Even though Maier probably did perform some laboratory work, his 
Atalanta fugiens lies much further from the world of laboratory practice 
than do the books of Valentine or George Starkey. (Some readers, in- 
cluding Sir Isaac Newton, nevertheless mined it for practical informa- 
tion about making the Philosophers Stone.) 

Each of the book's fifty chapters consists of five parts: a motto, an 
emblematic image, a six-line epigram (in both Latin and German), 
two pages of prose narrative, and, most innovatively, a piece of music 
arranged for three voices (fig. 7.1). The music provides the organizing 
theme: the tale of Atalanta and Hippomenes. In classical mythology, the 
athletic maiden Atalanta refused to give herself in marriage to anyone 
who could not defeat her in a footrace—and to make things interest- 
ing, she had the losers killed. Hippomenes took up Atalanta's challenge, 
but knowing that no man could outrun her, he ensured his victory 
using three golden apples acquired with the help of Aphrodite, goddess 
of love. When the race began and Atalanta darted ahead, Hippomenes 
rolled one of the apples past her. As she stopped to pick it up, he was 
able to take the lead. With the judicious use of his apples, Hippomenes 
won the race and Atalanta's hand? In Maier's musical compositions, the 
soprano voice represents "Atalanta fleeing”; the tenor, "Hippomenes fol- 
lowing”; and the bass, "the delaying apple." 

Although the original sources of the imagery lie in earlier texts, Maier 
augments them with further connections, allusions, and meanings of his 
own. The epigrams are so intricate that it seems unlikely that any one 
reader would ever "get" all the references, allusions, connections, and 
puns.* Nor do we yet understand exactly how the music is connected to 
the images, but several theories have been offered. 
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Atalanta fugiens represents Maier’s endeavor to link chrysopoeia to 
the wider realm of intellectual and humanistic endeavors, and should 
be viewed as part of a much broader sixteenth-century humanist tra- 
dition of emblematics. This genre is exemplified most famously in the 
enormously popular work of Andrea Alciati (fig. 7.2), whose books of al- 
legorical emblems were printed many times in the early modern period.° 
The basic presentation in both cases is a combination of motto-image- 
epigram, a grouping seen already in the Rosarium pbilosopborum. If the 
engraving in figure 7.2 were excised from its textual context, it might 
easily be taken for an emblem from a chrysopoetic text (note the ouro- 
boros). But Alciati's text is certainly not chymical—it presents axioms of 
morality and virtue. Nonetheless, the imagery and format used by both 
Alciati and Maier, as well as by the many other crafters of emblems, are 
closely allied. Similarly, the audience both authors had in mind consisted 
principally of humanistically educated readers. Thus, the proliferation 
of chymical emblems in the seventeenth century must be regarded not 
only as a development within chymistry but also as part of a wider con- 
temporaneous craze for emblematics of all sorts. 

The popularity of emblematics partly depended on the early mod- 
ern delight in "learned play,” that is, piecing together and puzzling out 
meanings cleverly hidden beneath allusion and metaphor. Even popu- 
lar periodicals of the seventeenth century, such as the Parisian monthly 
Mercure galant, contained “enigmas” in the form of both allegorical verses 
and pictorial emblems. The journal's editors encouraged readers to send 
in their interpretations, and published the best expositions in the fol- 
lowing issue. Our closest modern equivalents are perhaps word jumbles, 
crosswords, sudoku puzzles, and other “brainteasers.” Significantly, 
however, none of these modern forms employ the multivalent power of 
pictorial imagery or encode wise, moral, or learned messages, which to- 
gether represent the lifeblood of the early modern genre. All the same, 
Maier's work is, at the simplest level, an early seventeenth-century book 
of brainteasers for the learned. Its title page advertises Atalanta fugiens 
as "accommodated partly to the eyes and the intellect . . . partly to the 
ears and the recreation of the mind,” thus casting it as a book of erudite 
puzzles and intellectual delight. 

Maier's main goal for Atalanta fugiens, however, lies higher. An accom- 
plished humanist and poet, he uses the poetry, music, learned play, and 
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Figure 7.2. "Acquire immortality from the study of literature"; emblem 132 from 
Andreae Alciati emblemata (Antwerp, 1577), p. 449. Courtesy of Johns Hopkins 
University, Sheridan Libraries, Rare Books and Manuscripts Department. 
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beautiful images of his book to link chymistry to the liberal and the fine 
arts. His purpose, then, is not simply to entertain readers but rather to 
ennoble a practice generally considered dirty and laborious by making it 
attractive to humanist contemporaries. Maier tells his readers that 


in this life, the more anyone approaches a divine nature, the more he 
rejoices and delights in things to be investigated by the intellect, things 
that are subtle, marvelous, and rare. ... For the purpose of cultivating our 
intellect, God has hidden infinite secrets in nature... chymical secrets are 
not the least of these, but are, after the investigation of divine things, the 


first and most precious of all.’ 


In other words, intellectuals should pay attention to chymistry. A 
keen knowledge of classical literature and history, mythology, mathe- 
matics, poetry, astronomy, music, theology, and of course chymistry are 
all essential prerequisites to reading, viewing, hearing—and perhaps rar- 
est of all, enjoying—Atalanta fugiens. The greater the reader's breadth of 
knowledge, the greater his understanding; the greater his understand- 
ing, the greater his delight. Moreover, the hunt for hidden connections 
and meanings in Atalanta fugiens parallels that for the secrets divinely 
hidden in the natural world—a search that, Maier argues, can be carried 
out especially well using chymistry. 

Atalanta fugiens is one instance of continuing attempts to address chy- 
mistry’s shaky cultural and intellectual position—an issue that plagued 
chymists from the Middle Ages through the eighteenth century. As a 
“mixed” discipline of head and hand, of elevated ideas and laborious 
work, of promise and failure, pursued by practitioners from every rung 
of the social and intellectual ladders, it was (and remains to some extent) 
difficult to pin down. Accordingly, perhaps the most constant feature of 
early modern chymistry is its stubbornly bifurcated reception and am- 
biguous reputation. It was both condemned as fraudulent or useless and 
praised as powerful, even sacred, in almost every context. 

As noted earlier, alchemy failed to find a foothold in the medieval uni- 
versity. It fared no better with Renaissance humanists, who endeavored 
to establish new intellectual circles outside university culture. The early 
exponents of humanism tended to condemn it.’ At the start of the four- 
teenth century, the poet Dante (1265-1321) placed alchemists deep in 
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the eighth circle of Hell, alongside counterfeiters and forgers. During his 
infernal tour in The Divine Comedy, he meets the soul of a man he knew 
in life who had been executed in 1293. The tortured soul tells him, “I 
am the shade of Capocchio, who falsified metals with alchemy. And you 
should remember... how I was a good ape of nature.” Dante's emphasis 
here rests on the immorality of making things seem what they are not— 
thus his linkage of alchemy to counterfeiting and forgery, as seen also 
in Pope John XXII’s decretal, which was promulgated during Dante's 
lifetime. The condemned souls in The Divine Comedy merely aped na- 
ture clumsily, making poor, even ridiculous, likenesses of its productions 
instead of following and imitating it even to the point of exceeding its 
products, as Roger Bacon had claimed alchemy was able to do. Just a 
little later, Petrarch (1304-1374), in his Remedies for Fortunes Fair and 
Foul, decries chrysopoeia equally one-sidedly as an empty and worth- 
less practice whose only successful productions are “smoke, ashes, sweat, 
sighs, words, trickery, and degradation."'? 

Later humanists, interested primarily in elegant language and classi- 
cal texts (neither of which chymistry could boast), generally followed 
suit. By the sixteenth century, however, some of these scholars took on 
the challenge of “humanizing” previously neglected or spurned fields of 
knowledge and practice. The work of Georgius Agricola (1494-1555) 
provides a pertinent example. A humanist trained in Latin and Greek, 
and later a physician practicing in mining towns, Agricola tried to draw 
mining and metallurgy into learned circles. His massive De re metallica 
(On Metallic Matter) encyclopedically describes the finding, digging, and 
working of mines as well as the smelting and refining of mineral prod- 
ucts. Agricola was not trying to create a miner's handbook (in fact, his 
descriptions are often technically inaccurate) but rather to systematize 
and ennoble mining by dressing it up as a learned, humanistic discipline. 
Accordingly, his book replaces barbarous Germanic mining terms with 
an erudite Greco-Latin vocabulary. It gives mining a classical pedigree 
by frequently referencing Greek and Roman authors, and its large and 
artistic illustrations render the volume pleasing to the eye.'' The lavish 
format (and resultant high price) of De re metallica signals its privileged 
audience. A miner, assayer, or engineer was not meant to own a copy for 
reference any more than a practicing chrysopoeian was meant to have 
Atalanta fugiens lying open next to his furnace. 
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Alchemy received analogous treatment at the hands of Giovanni 
Aurelio Augurello (1441-1524). A humanist poet and admirer of Pe- 
trarch, Augurello published a lengthy poem titled Chrysopoeia in 1515.'? 
The poem imitates the style of Virgil's Georgics, in which the Roman 
poet gives farming the polish of elegant Latin verse. Augurello likewise 
dresses up alchemy with classical language, literary style, and learned al- 
lusions. He dedicated his work to Pope Leo X, himself a noted human- 
ist, who was said (with little evidence) to have sent the poet an empty 
purse as recompense for his efforts, with the implication that Augurello, 
given his knowledge of chrysopoeia, could fill it himself. Augurello's 
mastery of chrysopoetic concepts indicates that he must have immersed 
himself in the relevant literature, although it is improbable that he ever 
dirtied his hands with crucibles. Chrysopoeia enjoyed wide popularity, 
and eventually became a source for chymists who, in their quest for the 
Philosophers’ Stone, combed it and paraphrased it for hints about how 
to proceed practically. 

One of Augurello's techniques for giving chrysopoeia a classical pedi- 
gree was to interpret Greek and Roman mythology as veiled descrip- 
tions of chymical processes. Jason and the Argonauts search for the 
Golden Fleece thus became an allegory for the search for transmutation. 
The labors of Hercules and the loves of Venus likewise were interpreted 
as containing veiled chymical information. The reading of classical my- 
thology as chymical allegory developed into a standard part of chymical 
literature. It appears, for example, in Atalanta fugiens but even more so 
in Maier's Secrets Most Secret (Arcana arcanissima).? Some chrysopoeians 
even argued that the chymical interpretation of mythology was the only 
way to save the ancients from the charge of blasphemy against their gods, 
given the extremely unflattering view of divinities that a literal reading 
of mythology would provide. 

The proliferation of such pedigree building and allegorical readings 
eventually backfired. As the early modern period wore on, chrysopoeians 
began reading virtually everytbing as chymical allegory, and co-opting an 
astonishing range of ancients as adepts. This exuberance extended not 
only to Homer, Ovid, and other classical authors but also to medieval 
epics and the Bible. It was, of course, the last of these that provoked the 
strongest reactions from both Catholic authors concerned about un- 
orthodox readings of scripture and Protestant ones committed to more 
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literal readings.'* Thomas Sprat assailed the practice in his 1667 History of 
tbe Royal Society: “This secret [ofthe Philosophers’ Stone] they prosecute 
so impetuously, that they believe they see some footsteps of it, in every 
line of Moses, Solomon, or Virgil” Herman Boerhaave (1668-1738), in 
giving his inaugural oration at the University of Leiden in 1718, expressed 
shame at “impious” chymists: "How I wish . . . these raving men had re- 
strained themselves and not wished to interpret the Sacred Scriptures in 
terms of chymical principles and elements!" If biblical passages could 
be interpreted as providing directions for laboratory work, biblical per- 
sonages must have been practicing chrysopoeians. When Moses burned 
the golden calf and made the Israelites drink it, was he not preparing po- 
table gold using knowledge acquired in Egypt? Solomon’s great wisdom 
must have extended to transmutation; therefore, the gold that suppos- 
edly came from far-off Ophir must actually have been produced using 
the Philosophers’ Stone." 

The addition of biblical patriarchs and ancient pagans to chymistry’s 
lineage gave the discipline (and its practitioners) an ancient pedigree 
and status that otherwise was lacking.'? Although the co-opting of an- 
cient religious figures—Noah, Moses, St. John the Apostle, and others— 
as chymical adepts first appeared in the Latin Middle Ages, and the 
naming of Hermes Trismegestus as alchemy's founder in the Islamic 
period, the early modern period went further.'” Through the seven- 
teenth century, various histories of chymistry pushed its origins further 
and further back in time, and co-opted increasing numbers of ancients— 
both biblical and pagan—as adepts. Chymistry itself became one part of 
a broader “Hermetic knowledge,’ traceable not just to Hermes but to 
the most distant and venerable past, to a body of knowledge known as 
the "original wisdom" ( prisca sapientia) revealed by God to the ancient 
patriarchs—in some versions to Adam himself—and passed down from 
generation to generation.” Unfortunately, this knowledge gradually 
eroded along the way, corrupted by successive transmission; pagan my- 
thology was actually a degraded, misunderstood version of that original 
knowledge, hence the possibility of and need for interpreting it. While 
this lengthening pedigree and expanding ambit aimed largely at im- 
proving chymistry's standing, it also promoted chymical interpretations 
of increasingly far-flung materials, which in turn invited fresh ridicule 
from critics. 
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Chymistry in Literature and Art 


Poets, painters, and playwrights discovered chymistry as well, making use 
of its ideas and images as well as its schizophrenic reputation. In so doing 
they left records of how the Noble Art was perceived (and adapted) by 
its contemporaries, and testimony of how familiar chymistry's basic op- 
erations and ideas had become. Their creations help flesh out a portrait 
of chymistry on a broader cultural scale. 

Geoffrey Chaucer (circa 1343-1400) takes a position in his Canterbury 
Tales that is more nuanced than either Dante’s or Petrarch’s. The 
“Canon’s Yeoman’s Tale” recounts endless failed experiments leading 
to bankruptcy and illness, and tells of a deceitful canon who defrauds a 
priest with sleight of hand and a false powder of projection. Yet Chaucer 
does not thereby conclude that transmutational alchemy is false; rather, 
it is a privileged kind of knowledge with which only a select few should 
dare to meddle. 


Let no man trouble to explore this art 

If he can't understand the aims and jargon 
Of alchemists—and if he does, then 

He is a pretty foolish sort of man 

Because this art and science is, said he, 


Indeed a mystery in a mystery. 


And so I conclude: since God in heaven 
Will not permit alchemists to explain 
How anyone may discover this stone, 


My best advice is this—let it alone.” 


Chaucer's tale warns rather than condemns. Most aspirants will fail to 
prepare the Philosophers’ Stone, unless they have deep understanding 
of alchemy's particular "aims and jargon." The tale also reveals Chaucer's 
own familiarity with medieval alchemical authors and texts; he cites the 
pseudo-Arnald and other authorities, and paraphrases al-Razi. Some 
later chrysopoeians even looked on Chaucer as an adept.” 

Chymical authors themselves frequently offered advice akin to 
Chaucer's, dissuading the wrong sort of readers from undertaking the 
work. The fifteenth-century chrysopoeian Thomas Norton, for example, 
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lists the kinds of people who are doomed to failure because of insuffi- 
cient leisure, learning, funds, or intelligence, and concludes, 


For trewly he that is not a greate Clerke 

Is nice and lewde to medle with this warke. 
... For it is a most profound Philosophie 
The subtill science of holy Alkimy? 


The visual arts repeat such warnings. In fact, the chymist became a 
stock figure in the Netherlandish art of the sixteenth and seventeenth 
centuries. Dutch and Flemish artists produced thousands of paintings 
depicting chymists. While many such paintings are full of accurately 
rendered apparatus of glass, metal, ceramic, and stone, they were not 
intended to be "photographic" representations.”* Their primary purpose 
was to offer a moral lesson—often a slightly ambiguous one—that had 
to be teased out by the viewer, not unlike contemporaneous emblems. 

Among the earliest of these images is Pieter Brueghel’s mid-sixteenth- 
century drawing titled Algbemist. Thanks to a print produced by Philips 
Galle in 1558 (fig. 7.3), Brueghel’s composition achieved wide dissemina- 
tion, and proved enormously influential. The scene shows a family’s ruin. 
At the center of the composition, a distraught woman holding an empty 
moneybag gestures behind her chymist-husband, who is dropping their 
last coin into his crucible. A fool squatting on the floor provides silent 
commentary by mimicking the chymist. The children, meanwhile, play 
in empty cupboards, underscoring the poverty caused by their father’s 
hopeful schemes. In the background, the whole family—the eldest child 
still with an empty cauldron stuck on his head—suffers the consequences 
of the father's labors by going into the poorhouse. The meaning of the 
seated scholar on the right is slightly ambiguous. He might be reading 
out instructions to the practitioner, and yet he seems to exist apart from 
everyone else as a kind of a commentator, gesturing to the viewer to 
behold life gone awry. In Brueghel's original, the scholar points to the 
words al-ghemist in large print in his book—a pun on a Dutch phrase for 
“everything is lost.” In Galle’s print, an added motto steers the draw- 
ing’s meaning toward warning rather than condemnation. Its verses 
partly parody the style of the Emerald Tablet and other chymical axioms 
and begin, “The ignorant ought to put up with things and then labor 
diligently.” It thus seems to say—like Chaucer’s Canon’s Yeoman—that 
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Figure 7.3. Philips Galle, Alghemist, 1558; engraving after a drawing 
by Pieter Brueghel the Elder. 


alchemy is not for everyone; it is not the means, and certainly not a short- 
cut, for improving one’s lot in life. The less-gifted should steer clear of it, 
and work diligently at something they are better suited for and some- 
thing more certain of success. 

Brueghel’s image of a family ruined by chymistry spawned a dynasty 
of variations on the theme. Dozens of later prints and paintings borrow 
elements from his Algbemist. Adriaen van de Venne's 1636 Rijcke-armoede, 
or Rich Poverty (plate 8), shows the father working busily at the furnace, 
completely oblivious to the plight of his needy family. His wife looks 
to heaven and displays the family’s last coin in her outstretched hand 
while the children beg for sustenance. Richard Brakenburgh reprises 
many of these same features in his own larger-scale presentation of the 
theme (plate 9). In it the hopeful chymist points to his wrapped pow- 
ders, as if to say to his wife, "This time it's really going to work!” She 
instead gestures toward their youngest son, uselessly pumping air at his 
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own upended crucible, not only wasting time and charcoal (both costly 
commodities) but also taking the place of the fool in Brueghel’s draw- 
ing—an allusion obvious to anyone familiar with both artworks. Besides 
failing in his duty to support his family, the father has also corrupted his 
progeny by his poor example. Indeed, an older son, standing behind the 
father, pumps merrily on the bellows lever, joining in his father’s waste- 
ful activity. The common message is that the pursuit of wealth by means 
of chrysopoeia brings familial ruin. The moral in these paintings seems 
akin to the ancient proverb “Shoemaker, stick to your last.” 

David Teniers the Younger (1610-1690) was the most prolific creator 
of alchemist genre paintings. Interestingly, he portrays the chymist in 
quite a different light. In several paintings, Teniers places a full mon- 
eybag dangling from the chymist’s belt, possibly as a direct refutation 
of Brueghel and his followers (plate 10). There is no ruined family, no 
starving children, no trace of foolery or impending disaster. The chymist, 
despite the messiness of his workshop, displays industry and productiv- 
ity. Late in life, Teniers even painted a self-portrait depicting himself as 
a chymist, perhaps intending to underline a common theme of creativity 
and production for both painter and chymist—the painter, who com- 
bines simple materials to produce precious art, and the chymist, who 
combines simple substances to produce more valuable ones. 

Like Teniers, the slightly younger Thomas Wijck (1616-1677) also pro- 
duced paintings in which the chymist is a figure of good morals rather 
than bad ones. In an intimate portrait-like scene (plate 11), Wijck’s chy- 
mist bears all the attributes of a scholar. Well-dressed, he sits reading 
amid books and papers while minding his distillation. A string of letters 
hangs by the window. Rather than chaos and ruin, the scene is one of 
peace and tranquility. In another painting, again possibly conceived as 
a conscious counterpoint to the Brueghel-type images, Wijck depicts a 
scene of almost amusing domestic harmony (plate 12). While the mother 
and children prepare dinner, the father works in his study, one of his 
distilling alembics sharing the stove with the family’s meal. 

Taken together, these artworks reiterate and comment on the ambig- 
uous valuation of chymistry in early modern society. They depict it both 
as an obsessive pursuit that can lead unwary or unwise followers to ruin, 
poverty, and immorality, and as a productive labor, requiring steady in- 


dustry, learning, and skill. 


Chymistry in the Theatre 


Seventeenth-century theatre, however, nearly always portrays the chy- 
mist comically. Sometimes he is a mere bungler, other times an outright 
fraud or charlatan. Ben Jonson’s The Alchemist (1610) is the best-known 
example.” Its main character, Subtle, is a fast-talking con artist whose aim 
is to obtain gold from the baser instincts of greedy and unwise patrons 
rather than from baser metals. While he promises a completed (but ever- 
delayed) Philosophers’ Stone, he cajoles gifts and lucre from those being 


Figure 7.4. A scene from act 3 of Les souffleurs. Note the various smoking furnaces and 

pieces of apparatus, especially the large furnace at the back with a philosophical egg 

(containing the maturing Philosophers’ Stone) perched on top. Chymical apparatus 

and bellows are used as trophy decorations on the rear wall. From Les Souffleurs; ou, La 
pierre philosophale d’Arlequin (Amsterdam, 1695); collection of the author. 
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gulled. Jonson also wrote masques—court spectacles that might well be 
called emblematics in performance. Several of them, produced at about 
the same time as The Alchemist, use alchemical imagery and concepts. 
His Mercury Vindicated from the Alchemists at Court borrows heavily from 
a contemporaneous work by Polish chymist Michael Sendivogius, and 
the Alchemist displays Jonson’s significant familiarity with the relevant 
terminology and expressions, even when they are being parodied.” 

In William Congreve’s (1637-1708) The Old Batchelor, one character is 
urged to extort money from another, with the advice that “a little of thy 
Chymistry Tom, may extract Gold from that Dirt.” “Faith,” his compan- 
ion responds, “I am as poor as a Chymist, and would be as industrious,” 
thereby once again combining the contrasting themes of poverty and dili- 
gent labor found in contemporaneous genre paintings. A similar artful 
dissonance reappears in Congreve's Way of the World, which describes a 
lovesick woman as having “a Heart full of Hope, and a Head full of Care, 
like any Chymist upon the Day of Projection.””® References such as these 
to chymists and chymistry indicate how familiar audiences must have 
been with the character of the chymist and the outlines of his craft. 

Satire and chymically tinged humor appear also in Les Souffleurs, a 
comedy written in 1694 for the Parisian Théatre Italien. The title trans- 
lates as “The Puffers,” a term applied pejoratively to overly hopeful 
chymists in reference to their constant blowing (souffler) at the coals 
under their crucibles. (As an alternate translation, I might suggest “The 
Blowhards.”) Les Souffleurs presents a pair of neighbors trying to make 
the Philosophers’ Stone, all the while oblivious to the standard amorous 
intrigues going on under their noses. The dialogue is peppered with 
chymical puns and allusions. When the stone is almost complete, a motley 
band of likeminded persons gathers to witness the projection and to join 
in a song, replete with chorus, extolling the virtues of their art (lig. 2. 


How wonderful is chymistry! 

With its prodigious effects 

It makes us equal to the gods 
Through the Elixir and potable gold. 


The most contemptible poverty, 
The old age that overcomes us, 


The least curable illness, 
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And even the inexorable Fates, 
All feel the miraculous effect 


Of our incomparable Stone. 


How wonderful is the chymical art! 


How marvelous its power!? 


Chymistry in Poetry 


While playwrights parodied the chymist, poets used chymical themes 
and concepts both positively and negatively. William Shakespeare (1564- 
1616) elegantly draws on the transformative power central to chymistry 
in his thirty-third sonnet: 


Full many a glorious morning have I seen 
Flatter the mountain-tops with sovereign eye, 
Kissing with golden face the meadows green, 


Gilding pale streams with heavenly alchemy. 


Around the same time, John Donne (1572-1631) used the equally con- 
stant hope and failure of chrysopoeians to exemplify the exaggerated op- 
timism and ultimately unfulfilled hopes of a new bridegroom. 


Oh! 'tis imposture all: 
And as no chymique yet th’Elixar got, 
But glorifies his pregnant pot 
If by the way to him befall 
Some odoriferous thing, or medicinall, 
So, lovers dreame a rich and long delight, 


But get a winter-seeming summer's night.” 


The Image of the "False Alchemist” 


The bifurcated portrayal of chymists in art, literature, and theatre surely 
played a role in setting the foundations for the eighteenth-century divi- 
sion of “alchemy” and “chemistry” detailed in chapter 4. The images and 
stories of failure and frauds helped create a stereotyped category into 
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which all hopeful chrysopoeians were eventually cast, one that proved 
remarkably durable. Accordingly, the well-worn category of alchemical 
frauds deserves direct attention. 

Descriptions of frauds perpetrated by sham chrysopoeians form a 
continuous tradition beginning no later than the Islamic Middle Ages 
and culminating in the moral attacks on chrysopoeia in the eighteenth 
century. Such accounts were composed not only by critics and satirists, 
however, but also by chrysopoeians themselves. The latter wanted to 
warn the unwary of possible sleights of hand, and also to distinguish 
themselves clearly from the disreputable stereotypes that had become 
notorious in literature and the public mind.*' There are also many sto- 
ries about chymists executed for defrauding powerful patrons with 
golden promises they could not keep. Many of these accounts are true, 
but it would be wrong to consider all such unfortunates true frauds in 
the modern sense of the word. In many cases, these were practitioners 
who had acquired or developed some process for improving metals—not 
always involving anything as grand as the Philosophers’ Stone—or en- 
hancing the efficiency of a mining or refining operation. Confident of 
their future success, perhaps after promising signs on a small scale, they 
signed legal contracts with princely patrons. These contract-holding 
alchemists have recently (and felicitously) been called entrepreneurial 
chymists.””” Their contracts stipulated how much the patron would 
provide in lodging, workspace, and materials, and established specific 
terms for deliverables and delivery dates. When the process failed, the 
practitioner failed to fulfill his contract. Under the usual understand- 
ing of contractual obligations—at least in the German lands, where most 
such contracts were made—this failure was considered BetrZgerei, a word 
usually translated as "fraud." But these practitioners were not necessarily 
dishonest. This category of crime referred generally to promising any- 
thing that could not be delivered—in short, defrauding the ruler—and 
such a crime was punishable by death. The execution of failed chymists 
is a predominantly German phenomenon; we have but few records of 
such executions in France or England. This difference is probably more 
attributable to different systems of law than to different practices or 
practitioners. 

The entrepreneurial chymists typically were not writers of learned 
treatises. In fact, well-informed authors tended to criticize them as 
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pretenders, drones, and false chymists—or, often enough, frauds. At best, 
these authors characterized the entrepreneurial chymists as “process- 
mongers” who lacked a sound philosophical or theoretical basis for what 
they were attempting. To some extent this categorization was accurate, 
even if the consequent moral evaluation remains dubious. It is certainly 
correct to differentiate between the developed theorizations and experi- 
mental programs of someone like Starkey or Valentine and the more 
empirical efforts by those who signed contracts with rulers. Yet both 
groups represent important facets of early modern chymistry.? Those 
who sweated over smoky furnaces and swapped recipes but did not pub- 
lish books were certainly more numerous than those who did publish, 
and possibly more visible in their own day and thus more responsible for 
generating popular impressions of the chymist, even if they did not par- 
ticipate as directly in the intellectual developments of the discipline. 

Princely and royal courts were centers of patronage for a wider array 
of chymists than simply the entrepreneurial alchemists. In France, the 
court of Henri IV (reigned 1589-1610) buzzed with promoters of the new 
Paracelsian medicine, who saw both their novel therapeutics and their 
monarch as symbols of a new age. Distillation houses for the chymical 
production of medicinal waters operated from the grand imperial palace 
of Spain's El Escorial, to Francesco and Cosimo de’ Medici's Florence, 
to numerous minor noble courts throughout German lands. Workshops 
for the improvement of mineral and metal resources were also a com- 
mon fixture. Moritz “the Learned” of Hessen-Kassel (1572-1632) not 
only founded the first university professorship in chymical medicine but 
also presided over a constellation of competing court chymists, active in 
both chrysopoeia and chemiatria. Courts of several Holy Roman emper- 
ors in Prague and Vienna attracted chymists throughout the seventeenth 
century, and numerous “public demonstrations” of transmutation are 
supposed to have been carried out there. In short, chymistry—in all its 
dimensions—was not something restricted to solitary or isolated labora- 
tories or private studies; it was also involved, often with a high profile, in 
early modern court culture.* 


Alchemy and Religious Literature 


Like the authors of secular literature, religious writers and orators drew 
on chymical ideas. A natural affinity certainly exists between religious 
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and moral ideas and the themes of purification and improvement found 
everywhere in chymistry. The Bible contains repeated comparisons be- 
tween the refining of precious metals by fire and the testing and purifica- 
tion of the human heart.” Martin Luther (1483-1546) praised chymistry 
for its allegorical exemplification of Christian principles, even while he 
remained skeptical of chrysopoeia.” The central chymical operation 
of distillation—the separation of a pure, volatile (that is, “spiritual”) 
substance from the crasser, baser components of a mixture—appears 
frequently as a trope in devotional literature. For example, the bishop 
Jean-Pierre Camus (1584-1652) provides a “laboratory formula” for car- 
rying out a “spiritual alchemy”: 


Let us put all our good and bad thoughts, affections, passions, vices, and 
virtues all mixed together into the alembic of our understanding. Place it 
then upon the memory and recollection of the eternal fire as if upon a fur- 
nace, and we shall see some marvelous subtle effects. This fiery cogitation 
will separate the confused elements, the hullabaloo of ambition, the earth 
of greed and lust, the winds of vanity, the waters of covetousness, the air 
of presumptions. It will dissipate all these follies, destroy the dregs and 
lees of a thousand earthly desires, in order to extract beautiful and com- 
pletely heavenly conceptions from them ... it will dissolve all our vices 
and sins, and extract from our souls a quintessence of piety and devo- 


tion. ... Now then, isn't this a fine chymistry??? 


Virtually every aspect of chymistry—spagyria, Paracelsian medicine, 
chrysopoeia, and a host of productive chymical operations—appears in 
innumerable sermons and tracts both Catholic and Protestant. Religious 
writers freely borrowed ideas and images from transmutational and 
medical chymistry for use as metaphors—just as writers on transmutation 
freely borrowed ideas and images from religion and theology for their 
own metaphorical purposes.?? St. Francis de Sales (1567-1622), for exam- 
ple, in writing of the transformative power of love, exclaims, “O holy and 
sacred alchemy! O divine powder of projection whereby all the metals of 
our passions, affections, and actions are converted into the purest gold of 
heavenly love.” Another orator of the same period calls divine grace “the 
true Philosophers’ Stone that changes everything into gold.”* 

The use of chymical ideas as a source of rhetorical ornament or 
metaphor in religion (and vice versa) is straightforward and easy to 
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understand. But the interrelationships of chymistry and religion are far 
deeper and more complex. Every chapter in this book has touched on 
the alchemy-religion dynamic to one extent or another. These interre- 
lationships are crucial—not only for gaining a fuller understanding of 
chymistry in particular but also for their ability to illustrate larger points 
of profound importance about early modern outlooks and worldviews 
more generally. One place to start unraveling this extremely complex 
skein is with the chymists’ repeated claims of the divine origin and status 
of their arcane knowledge. 


Alchemy as the “Gift of God” 


Chymists often called the knowledge of how to prepare the Philosophers’ 
Stone or other grand chymical secrets a donum dei—a gift of God. Thomas 
Norton, for example, begins his Ordinall of Alcbimy by declaring, 


Maistryefull merveylous and Archimastrye 
Is the tincture of holi Alkimy: 

A wonderfull Science, secret Philosophie, 
A singular Grace & gifte of th'almightie."! 


Both the earliest surviving manuscript of the work and its printed 
edition contain an illustration depicting a student on his knees receiv- 
ing the secrets of alchemy from his master (fig. 7.5).* The seated master 
tells the student, "Receive the gift of God under a sacred seal,” while 
the student responds, "I will keep the secrets of holy alchemy secretly." 
Hovering over the scene is the Holy Spirit depicted as a dove, flanked by 
angels carrying banners inscribed with verses from the Psalms (Psalm 
45:7 and 27:14), thus giving a powerful sense of divine revelation to the 
scene. Because most people today tend not to call any body of natural 
knowledge holy or a a gift of God, such expressions and images seem to 
mark out chrysopoeia as something special, something of a significantly 
different order from other knowledge, something more akin to religious 
knowledge than to natural knowledge. To be sure, such claims for its 
divine origin and holy character have been used to support nineteenth- 
and twentieth-century notions that alchemy is at root a spiritual, super- 
natural, or religious practice. But these expressions must be historically 
contextualized to be understood as their authors intended. 
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Figure 7.5. The student receives the secrets of alchemy from his master, promising 
to preserve them in secrecy. From Thomas Norton, Ordínall of Alchimy; engraving 
in Theatrum chemicum britannicum (London, 1652). Courtesy of the Roy G. Neville 

Historical Chemical Library, Chemical Heritage Foundation, Philadelphia. 


First of all, the repeated claims for the special status of chymical ar- 
cana are topoi—literary conventions used as matters of course by virtu- 
ally all early modern alchemical authors. Chapter 2 recounted how such 
conventions emerged with the initiatic style of the Jabirian corpus in 
the ninth and tenth centuries, and were perpetuated by medieval Latin 
authors who mimicked Arabic styles to give their writings an air of 
venerable authority. Such mimicry included not only the initiatic style 
stemming from the Isma'ili sources but also the inclusion of Latin equiv- 
alents of the ubiquitous Arabic phrase izsba allab (if God wills). Hence, 
curiously enough, the religious tone of some Christian texts was actu- 
ally determined in part by Muslim expressions of piety. Later European 
authors, who were often members of religious orders or at least pious 
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laymen, further developed and extended these topoi, which had by then 
become virtually automatic. 

Second, the term donum dei (gift of God) is actually a technical phrase 
used in medieval and Renaissance theological and legal literature deal- 
ing with the status of knowledge. St. Thomas Aquinas (among others) 
asserts that all knowledge is in fact a donum dei. In so doing, he alludes to 
an established legal precept that “knowledge is the gift of God, therefore 
it cannot be sold" (scientia donum dei est, unde vendi non potest).? 
This precept emerged from ethical arguments about whether it is licit 
for teachers to require payment from their students. (The consensus was 
no.) The underlying idea is that since knowledge is a divine gift, the per- 
son who has received it has no right to sell it, in part because he does not 
in fact own it, and in part because doing so would be simony, that is, the 
sin of selling spiritual goods for money. Late medieval and early mod- 
ern chymical writers were surely aware of the term's background. Their 
use of it both underscores the ultimate source of all knowledge while of 
course elevating theirs in particular, and emphasizes the obligation to 
use the gift of knowledge wisely and appropriately.^ 

Third, and most significantly, moderns tend to make disconnections 
where early moderns did not—in this case, between science and religion. 
Moderns like to keep the two conveniently boxed up separately, prefer- 
ably at a safe distance from each other. Convinced that such modern 
conventions are somehow intrinsically normal, many readers nowadays 
tend to think that chrysopoetic authors who speak of their subject as a 
holy gift of God are somehow abnormal, that is, in need of special expla- 
nation. But perhaps moderns are the ones who require special explana- 
tion: where, why, and by whom did the presently accepted boundaries 
of disciplinary identities come into being? Early moderns, who recog- 
nized God as the Creator of all things, recognized all things as His gifts. 
Authors, both chymical and otherwise, knew and quoted the biblical 
passage that "Every worthwhile gift, every genuine benefit comes from 
above, descending from the Father of Lights" ( James 1:17). Moderns, on 
the other hand, tend to imagine divine activity or presence as an ex- 
ceptional event, something disconnected from daily life by a respect- 
able amount of thunder and lightning, like something out of a Cecil B. 
DeMille extravaganza. But for the early modern, the action and presence 
of the divine was something constant, daily, even familiar. 
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It therefore disrupts comfortable modern categories to thumb through 
one of George Starkey's laboratory notebooks and find, amid careful rec- 
ords of the exact dates of his experiments, the weights of materials he 
used, and the length of time he heated them, an entry like this: 


At Bristol, on 20 March 1656, God revealed to me the whole secret of the 
liquor alkahest; let eternal blessing, honor, and glory be to Him.* 


Here Starkey very matter-of-factly records—as if he were describing 
some important but not terribly surprising experimental outcome—his 
reception of a donum dei. While this terse entry does not specify exactly 
bow this gift came to him, in another notebook he describes a sequence 
of logically connected experiments that he calls the result of a "divine 
nod" (divino nutu). In yet another, he recounts, “I completed many un- 
fruitful trials, yet finally God deigned to direct me into the true art." 
Starkey is clear that the knowledge acquired in his laboratory opera- 
tions was a divine gift, but it was so in the sense that God was ever pres- 
ent, nudging and hinting providentially towards discoveries in subtle 
ways behind the ordinary appearances of things. Here there is neither 
a God speaking melodramatically from the clouds in stentorian tones 
nor a chymist swept up into an ecstatic state. Starkey's notebooks depict 
instead a chymist giving thanks to God for that mysterious moment of 
intellectual clarity we sometimes call che “eureka moment." The chymist 
labors diligently, remaining always conscious of divine omnipresence 
and providence, and acknowledges his Creator as the ultimate source of 
knowledge. We might judge this perspective as making divinity routine, 
debasing it into a part of the workaday world; but an equally plausible 
view, and one more in tune with early modern conceptions, is that it ren- 
ders the world and human striving divine by raising them into constant 
but silent connection with the transcendent. 

Such a connection was one thread in a web of connections envisioned 
to link human beings, the natural world, and the divine at multiple 
levels." This early modern vision of an interlinked cosmos is depicted 
graphically in an intricate image designed by Robert Fludd (1574-1637). 
Fludd was an English physician, scholar, and philosopher who engaged 
in debates with some of the most prominent thinkers of his day. He also 
wrote about topics in chymistry, including the Philosophers’ Stone.*? 
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The elegant engraving shown in figure 7.64 was produced in 1617, prob- 
ably by Matthaeus Merian, the same artist Michael Maier employed. 

At the center of the image is the Earth; and seated atop it is an ape 
(fig. 7.65). This ape represents human artifice, often called the “ape of 
nature, because it imitates (“apes”) nature’s work. The ape’s height de- 
fines four concentric circles representing the varieties of human knowl- 
edge. Moving outward from the Earth, the first circle describes “art 
correcting nature in the mineral realm,” with tiny depictions of distilla- 
tions to represent chymistry—the artifice that corrects the imperfections 
of material substances by transmuting base metals into gold, by turning 
toxic materials into medicines, or by simply transforming the common 
into the useful and unusual. The next circle shows “art aiding nature 
in the vegetable realm,” exemplified by agriculture and the grafting of 
fruit trees. Thereafter follows “art supplementing nature in the animal 
realm,” instanced by such things as medicine, raising silkworms, and in- 
cubating eggs artificially, and (according to an ancient belief‘) spontane- 
ously generating bees from a bull carcass to start new hives. These three 
types of practical arts all share the theme of improving on nature so evi- 
dent throughout alchemy. In the fourth circle stand the “more liberal” 
arts—meaning those that are freer from servitude to utilitarian produc- 
tion. In Fludd’s rather idiosyncratic list, all of them are mathematically 
based: astronomy, music, geometry, timekeeping, painting, fortification, 
and so forth. 

The realm of human activity represented by the ape and the four 
circles is inescapably tied to the rest of the universe. The ape is chained 
by its wrist to a female figure standing above it representing nature; na- 
ture controls what human artifice can do. The concentric realms that 
she defines contain (reading outward) minerals and metals, plants, and 
animals including man. Rising farther, above the terrestrial, come the 
celestial bodies, the concentric circles of the seven planets that revolve 
around the Earth in the geocentric view of the cosmos. Here Fludd draws 
in a few lines of correspondence as examples. On the left side, the planet 
Saturn is connected by two lines to lead and antimony in the sphere of 
minerals. Similarly on the right, Venus is connected to copper and orpi- 
ment. Again on the left, the Sun is connected to man, whose arms open 
to the connection (both are hot and dry). Symmetrically on the right, 
woman receives the influence of the analogously cold and wet Moon, 
whose monthly cycle she imitates in her own body. 
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Figure 7.6a, b. The Mirror of the Whole of Nature and the Image of Art, from Robert Fludd, 
Utriusque cosmi historia (Oppenheim, 1617). Courtesy of the Roy G. Neville Historical 
Chemical Library, Chemical Heritage Foundation, Philadelphia. 
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Equally significantly, nature herself is no more independent than hu- 
man artifice, for her own wrist is connected to a chain held by a hand 
descending from a numinous cloud positioned above the ranks of angels 
beyond the physical universe, which is bounded by a circle of stars. The 
cloud bears the Sacred Tetragrammaton, the four Hebrew letters ex- 
pressing the unutterable Name of God. Thus, the emblem portrays every 
act of human industry as chained to nature, and nature in turn chained 
to the hand of God. The entire cosmic system is linked into a complex, 
interconnected, interfunctioning whole. In this view, the chymist’s work 
in his laboratory—depicted in the lowest circle—remains always con- 
nected to divine will and providence, that is to say, reliant on divine 
gifts and guidance, as is the work of the farmer, the physician, and the 
astronomer. 

This vision of a tightly interconnected cosmos stems from multiple 
sources deeply embedded in Western culture. Neoplatonic thought 
stressed the notion of a “ladder of nature,” where everything in exis- 
tence, from inanimate matter to the transcendent One, is linked in a 
hierarchical chain. Aristotle, in his natural philosophy, endeavored to 
be comprehensive; his ideas about motion, causation, the qualities, and 
so forth applied uniformly throughout the various realms of nature. 
The long-standing idea of celestial effects on earth—the macrocosm- 
microcosm interaction expressed in the Emerald Tablet (“as above, so be- 
low”) and that undergirded astrology—was regarded as visible every day 
in the tides, the seasons, and the turning of the compass toward the North 
Star; such interactions joined things celestial and terrestrial. Perhaps 
most powerfully, the Christian faith in a single, omnipotent, providen- 
tial, and omniscient God implied that the world is a uniform, harmoni- 
ous, interfunctioning whole—a cosmos in the true sense of the word, that 
is, a highly ordered whole—for it is the product of a single, perfectly self- 
consistent Mind. The creation reflects the unity of its Creator. 

With this larger context in place, we can better understand the re- 
markable Heinrich Khunrath (circa 1560-1605).? Khunrath’s wide- 
ranging interests and activities further illustrate the connections within 
early modern thought, particularly in the area of chymistry and religion. 
He was certainly involved in practical chrysopoeia, and he also affirmed 
the value of theurgical practices—that is, ritual methods for calling down 
divine revelations in dreams and visions—for gaining knowledge not 
only about chrysopoeia but about other topics as well. Not surprisingly, 
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therefore, he explicitly states that knowledge of the Philosophers’ Stone 
is a donum dei. But what does that term really mean for him? Khunrath 
asserts that the gift consists of two main secrets—the same two described 
in chapter 5: knowledge of the correct starting material and knowledge 
of how to treat it practically to produce the stone. After reiterating that 
the knowledge of such secrets is truly a gift of God (Gabe und Geschenck 
Gottes), Khunrath continues: 


The dear ancient philosophers obtained the knowledge and practice of 
this thing [the Stone and its matter], as one can clearly find in their books, 
either from God himself through a special divine inspiration, secret vi- 
sions, or the revelations of good spirits, or from another philosopher and 
human teacher, or indeed from the light of nature, through diligent read- 
ing, true books, and by contemplating, meditating upon and observing 


wisely the wonderful workings of nature in the larger world.*° 


Read that list again slowly. Khunrath places side by side things that 
moderns would separate radically. Divine revelation and visions are laid 
alongside ordinary human instruction, the study of books, and careful 
observations of the world at large. The connection among them is that 
God is ultimately the source of knowledge. All knowledge comes from 
Him, whether immediately; mediately but supernaturally through an 
angelic vision; or mediately and naturally through the voice of a human 
teacher, the words of a book, or the sight and investigation of creation 
itself. While we moderns would separate divine activity into a special 
category, for Khunrath (or Starkey, or Fludd, or so many of their con- 
temporaries) it was simply another way of acquiring knowledge—or to 
say it better, divine activity was seen ultimately as the foundation for all 
methods of acquiring knowledge. “Every worthwhile gift, every genu- 
ine benefit comes from above, descending from the Father of Lights.” 
Such an outlook, in short, was a result of the early moderns’ sense, their 
awareness, of the constant presence of the divine in their daily lives and 
in their world. Here is part of the world we have lost. Until we regain it, 
we cannot really understand the way early modern people thought and 
lived. 

Traces of this worldview survive in modern colloquialisms. When an 
idea or answer to a problem suddenly comes into our heads, we are apt 
to call it a “moment of inspiration," even if our intention is divorced from 
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the theology implicit in that word. Where do creative ideas really come 
from, anyway? The early moderns would say they ultimately come from 
the Great Source of all creation. Thus, the acquisition of rare knowl- 
edge—howsoever obtained—is truly a gift of God. But that gift need not 
be wrapped in thunder and lightning or in ecstatic visions (although 
it might be); it can arrive silently and gently while reading a book, lis- 
tening attentively to a teacher, contemplating the actions of nature, or 
bending over a crucible. 

The connections existing within the complex of nature, God, and hu- 
man beings can serve a further and perhaps more surprising function. 
Khunrath’s treatment of the Philosophers’ Stone begins, as is typical, 
with proofs that it actually exists. He appeals first to testimony, what he 
calls the “repeated experience” offered by past possessors of the stone. 
He then cites the support of chymical theory, what he calls the “consen- 
sus of rightly philosophizing chymists.” But he then adds a third proof, 


one that he calls the most convincing, namely, 


the wonderful harmony of the Philosophers’ Stone with Jesus Christ, and 
vice versa, placed verily by God not vainly before our eyes. If a Christian 
heart should rightly consider nothing more than this single witness by 
itself, or be instructed regarding it, it would thereupon necessarily prefig- 
ure and testify regarding the possibility of the natural Philosophers’ Stone, 
that the blessed and heavenly Stone exists in nature, from the beginning 
of the world.’ 


Here Khunrath claims that Christ guarantees the reality of stone. 
What on earth is he talking about? How does he justify this leap? In 
part, Khunrath is drawing on the familiar allegory linking Christ and the 
Philosophers’ Stone—a connection developed in the late Middle Ages, 
in the writings of pseudo-Arnald of Villanova, John of Rupescissa, and 
the Rosarium philosophorum. In making the stone, the prepared ingredi- 
ents are heated in the ovum philosophorum until they blacken in "death"; 
further heating “revives” them into a new, glorified, and subtilized sub- 
stance in a process akin to “resurrection.” This finished stone can then 
“heal” the defects and imperfections of the base metals, like the risen 
Christ redeems the world by healing a fallen and imperfect humanity 
and creation. 
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For Khunrath, however, this comparison—or “analogical harmony” 
(barmoniaanalogica),ashetermsit—between Christ and the Philosophers’ 
Stone is much more than a metaphor, allegory, or rhetorical conceit. It 
carries demonstrative, evidentiary, and probatory power. The existence 
of Christ the Redeemer and His attributes guarantees the existence of 
a material stone with analogous attributes relative to its own material 
realm. The connective analogy (Christ-Philosophers’ Stone) functions 
as a proof, transmitting the sure existence of one to the sure existence of 
the other. How can this be? On the one hand, it is an ultimate expres- 
sion of the axiom “as above, so below.” On the other, it expresses a keen 
difference between modern and early modern understandings of meta- 
phors and analogies. The modern world considers such metaphors and 
analogies to be creations of the human mind. For Khunrath and many 
of his contemporaries, they are neither arbitrary nor products of human 
imagination—they exist independently as real connections in the fabric 
of the world itself. They lie there hidden, waiting to be uncovered. 

Almost three centuries earlier, Petrus Bonus said nearly the same 
thing, although he followed the connection from the Philosophers’ 
Stone to Christ in the other direction. Bonus asserted that pre-Christian 
adepts used their observations in making the stone to foretell the 
Messiah’s virgin birth.*? Closer to Khunrath’s own time, Robert Boyle 
likewise used laboratory observations of the recovery of original starting 
materials at the end of a sequence of chymical operations as evidence for 
the Christian doctrine of the resurrection of the body. Other authors 
did the same, based on palingenesis. The physician Sir Thomas Browne 
(1605-1682) writes that what he learned about the Philosophers’ Stone 
“hath taught me a great deal of divinity, and instructed my beliefe, how 
that immortall spirit and incorruptible substance of my soule may lye 
obscure, and sleepe a while within this house of flesh. ?* 

Pierre-Jean Fabre (1588-1658), a physician, chymist, and prolific au- 
thor on all aspects of chymistry including chrysopoeia, produced the 
remarkable Christian Alchemist (Alchymista christianus) in 1632, perhaps 
the most extended use of chymical observations to point at theological 
truths. The book’s purpose is to explicate “as many mysteries as possible 
of the Christian faith through chemical analogies and figures,” and to 
demonstrate “the orthodox doctrine, life, and virtue of Christians using 
the chymical art.5 While Fabre's aims here seem superficially akin to the 
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interpretation of alchemy proposed by Ethan Allen Hitchcock in the 
nineteenth century, there is a profound difference. Fabre did not reduce 
alchemy entirely to theological allegory; rather, he saw practical labora- 
tory work and phenomena as coexistent and coextensive with theological 
truths, and naturally linked to them. Chymistry expresses and corrobo- 
rates theological truths. Would not the Creator have implanted analogi- 
cal or allegorical images of Himself throughout His creation, where they 
could be discovered by human beings? This vision of the world rests 
in part on the doctrine of the Two Books, enunciated most fully by St. 
Augustine (354-430), and widely accepted in the early modern period 
by theologians and natural philosophers alike. The doctrine states that 
God reveals Himself to mankind in two different ways: through words 
in the the Bible, the Book of Scripture, and through things in creation, 
the Book of Nature. Hence, investigation of the natural world, through 
chymistry, for example, automatically entails uncovering “a greate deal 
of divinity.” 

Crucially, these ideas and visions are not idiosyncratically alchemical. 
Similar views and arguments exist throughout early modern thought. 
For example: 


In the sphere, which is the image of God the Creator .. . there are three 
regions, symbols of the Three Persons of the Holy Trinity: the center, a 
symbol of the Father, the surface, of the Son, and the intermediate space, 
of the Holy Spirit. So, too, just as many principal parts of the world have 
been made: the sun in the center, the sphere of the fixed stars on the sur- 


face, and the planetary system in the intermediate region.” 


This is no “alchemist” speaking, but rather the famous astronomer 
Johannes Kepler (1571-1630), renowned for his laws of planetary motion 
that remain standard fare in physics and astronomy courses today. The 
passage cited here is part of his argument in favor of Copernicus’s helio- 
centrism, the idea that the Sun is at the center of the cosmos, with the 
Earth in motion around it, not the other way around. Kepler chooses 
to argue not from observational evidence but rather by using harmo- 
nia analogica, to borrow Khunrath’s phrase, an analogical connection 
between the physical universe and its invisible Creator. The attributes 
of God guarantee a heliocentric universe. God the Father is the source 
and immutable origin from all eternity, and thus His physical symbol, 
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His analogue or metaphor in the world, the Sun, must rest at the center, 
illuminating, warming, and invisibly guiding all the planets, including 
the Earth. The analogical harmony is evidence of the way things are. 
Throughout his works, in fact, Kepler “traverses the labyrinths of the 
mysteries of nature by using the thread of analogy.”” 

The connectedness of all knowledge, the interconnections of nature, 
God, and human beings, and the evidentiary power of analogy appear 
also in the work of Jesuit polymath Athanasius Kircher (1601 or 1602- 
1680). The emblematic frontispiece (fig. 7.7) to his 1641 book The Magnet 
displays these connections and summarizes them with the statement “All 
things rest connected by hidden knots” (Omnia nodis arcanis connexa 
quiescunt). Emblems bearing the names of various kinds of knowledge 
(astronomy, philosophy, perspective optics, music, theology, medicine, 
and so on) are shown arranged in a circle, all linked by chains. They in 
turn are chained to three larger circles within the one they form: the 
sidereal world (everything farther away than the Moon), the sublunary 
world (the Earth), and the microcosm (that is, human beings). These 
three divisions of the universe are themselves chained together, and at 
their center, touching each one of them equally, stands the mundus arcbe- 
typus—the archetypal world, that is, the mind of God that contains the 
models of everything possible in the universe. 

For Kircher, these invisible connections or "hidden knots" are exem- 
plified in the magnet’s invisible power over iron.” He begins his book, 
then, with an exhaustive description of magnets and their effects, and 
then expands outward to other objects that display similar "magnetic" 
effects: from static attraction, to the turning of a sunflower toward the 
Sun throughout the day, to sympathetic vibrations, to the sympathy and 
antipathy between certain plants and animals, to the motions of plan- 
ets in their orbits, and so on. Slowly Kircher ascends from example to 
example—in a manner often bizarre to us, and even to some of his con- 
temporaneous readers—until finally he emerges beyond the limits of the 
physical universe, and he connects all these phenomena to God's invisi- 
ble but inescapable love, the one true original force that binds everything 
that is, attracting “magnetically” the whole of creation back to its Source. 
According to Kircher's teaching, then, we can witness divine love every 
day in the action of the magnet that clips notes to the refrigerator. 

For the early modern thinker, such analogies—or metaphors, or har- 
monies, call them what you will—meant vastly more than they do to 
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Figure 7.7. Frontispiece to Athanasius Kircher, SJ, Magnes sive de magnetica arte (Rome, 
1641), showing the interconnectedness of all knowledge. the natural world, human 
beings, and God. Courtesy of the Division of Rare and Manuscript Collections, 
Cornell University Library. 
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moderns. For them, an analogy was something actually existing in the 
world—a real connection intentionally built into the fabric of what 
is. Metaphors and analogies constituted a central facet of their multi- 
layered, multivalent, highly interconnected world. The power of such 
barmoniae analogicae flowed from their vision of a world created by a 
uniform, omnipotent, omniscient God; a world endowed in every corner 
with meaning, message, and purpose; a world where heaven is joined 
to earth, and God to man (His image) in ways seen and unseen, ways 
to be discovered and explored by manifold means. Thus, an analogical 
likeness was not the product of a poetical human mind but a line in the 
blueprint of creation. 

With this vision in mind, Khunrath’s proof for the existence of the 
Philosophers’ Stone becomes clearer, and points toward a deeper under- 
standing of the early modern world more generally. The complex of con- 
nections and symmetries existing in the world undergirded a layered, 
multivalent meaning for everything in it. Contemporaneous artistic pro- 
ductions—paintings, literary works, and music—based themselves on a 
love of layered meaning and allegory, meanings not found on the surface 
but teased out by the viewer. Educated early moderns expected multiple 
levels of meaning in their art, literature, and theatre, and they delighted 
in seeking and finding them. Crucially, natural philosophers of the pe- 
riod generally expected the very same multivalent meaning to exist not 
only in human creations but to an even greater extent in God's creation— 
the natural world itself. As the ultimate Author and Artist, God created 
the world at every level as the ultimate baroque masterpiece of layered, 
multivalent, allegorical, and symbolic meaning. Hence, observations of 
the natural world carried meanings far beyond the isolated literal object 
under immediate consideration. 

In terms of alchemy specifically, what I am arguing is that the connec- 
tions between it and the divine are indeed very close, but that relationship 
was not wholly unique in the early modern period. A similar close relation- 
ship can be found in other studies of the natural world from that time (as 
in Kepler and Kircher). These relationships are manifestations not only 
ofthe piety but more intrinsically ofthe unified cosmic vision of so many 
thinkers of the period. The significant links between alchemy and reli- 
gion might sometimes seem to mark it out as something alien from "sci- 
ence," but only if the comparison is made with reference to the science 
of our own day. When recognized figures like Kepler, Boyle, or Newton 
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are rightly contextualized, they too cease to fit comfortably into modern 
conceptions of science. They do, however, fit comfortably—alongside 
alchemy—within the natural philosophy of their day, that comprehen- 
sive study of the world in its interconnected entirety, embracing human 
beings, nature, and God.? The goal of much early modern thought in- 
volved finding, building, and using connections in the world—not, as is 
so often the case in modern science, dissecting and isolating things to be 
studied solely in and of themselves. Seen from the early modern perspec- 
tive of a unified cosmos, the grand unification theory sought by modern 
physicists (the way chymists sought the Philosophers’ Stone) is a nice 
idea but ultimately a blinkered trifle, because it embraces so little and ig- 
nores so much. I suggest that alchemy can seem strange to us in part be- 
cause it reflects the larger context of early modern thought as it existed 
before the narrowing of natural philosophy into science, and employs 
ways of thinking and seeing that have not been transmitted to us within 
the methodologies and metaphysics of modern science. 

Having sampled the dynamism and diversity of chymistry, and its 
connections to so many other fields of knowledge and creativity, it is 
hardly surprising that chymistry enjoyed so wide a dispersion in early 
modern culture. Throughout various branches of human endeavor, it 
fired the imagination of artists, authors, theologians, and natural phi- 
losophers alike, because it shared so many visions and aims with them. 
Early modern chymistry with its arresting images and ideas (once we 
understand them properly and contextually) can tell us much about the 
general outlooks of the premodern world, a world of which and from 
which we still have so much more yet to learn. 


$* EPILOGUE %& 


The idea of turning the common into the precious captures the imagina- 
tion; chrysopoeia and other alchemical endeavors embody this fascination. 
Yet alchemy is more than gold making, more even than the transformation 
of one substance into another. From the time of its emergence in Greco- 
Roman Egypt nearly two thousand years ago and down to the present 
day, it has evolved in a variety of cultural and intellectual contexts, and 
developed along multiple lines. A myriad of practitioners pursued it for 
various reasons along many pathways toward a variety of goals. The range 
of ideas and practices outlined in the preceding chapters complicates the 
problem of answering the fundamental question of what alchemy was 
really about. No simple response fully suffices. But recognizing such di- 
versity and dynamism—both over time and at any given time—reveals al- 
chemy’s identity in more interesting and more historically accurate ways. 
Amid such an array of practices, goals, ideas, and practitioners, however, 
a few relatively stable features of the Noble Art do emerge. 

First and foremost, alchemy was an endeavor of both head and hand. 
It was both theoretical and practical, textual and experimental, and 
these two aspects constantly interacted. Theories about matter and its 
composition—Zosimos’s “soul and body," Jabirs Mercury and Sulfur, 
Geber's minima, Paracelsus's tria prima, the Scholastics’ prime matter 
and substantial form, Van Helmont’s semina, and all the rest—under- 
girded alchemical aims and directed practical laboratory endeavors. 
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Observations in the laboratory and in the wider world formed a core of 
experiences from which such theories sprang and continued to develop. 
The existence of these theories and their role in practical work discredit 
the old notion that alchemy was no more than trial-and-error cookery. 

Conversely, alchemical laboratory practices and results—described 
both clearly and not-so-clearly in text after text, concealed and revealed 
in allegory and emblems, and witnessed by surviving artifacts—equally 
discredit the notion that alchemists inhabited a merely speculative 
world, or that their immediate aims were not material ones. Alchemists 
pored over the writings of their predecessors for the purpose of put- 
ting them into practice, constantly reinterpreting and adding to them 
from their own experience. The broad spectrum of alchemists certainly 
ranged from armchair theorizers at one end to narrow recipe-followers 
at the other, but alchemy’s core depended on the interactions of theory 
and practice. Straddling the otherwise disparate realms of the artisan 
and the intellectual, it thrived as an investigative enterprise for explor- 
ing the world and its possibilities; its goals included both knowing and 
doing. 

With its emphasis on practical work, alchemy was also a productive en- 
terprise. Producing new materials and transforming or improving com- 
mon ones forms a central theme within the alchemical tradition. The 
products alchemists sought to prepare ranged from grand arcana like 
the Philosophers’ Stone, the alkahest, and potable gold through lesser 
transmuting agents, spagyric and other pharmaceutical preparations, to 
greater yields of metal from ores, better alloys, pigments, glass, dyes, cos- 
metics, and a host of other commercial products. Some practitioners fo- 
cused their efforts on preparing just one or two of these products, while 
others turned their attention and expertise to more or even all of them. 
This emphasis on producing materials often earned alchemy the scorn of 
more bookish observers, but it resulted in a special degree of physical- 
ity unmatched by any other subject outside the artisanal trades. It also 
resulted in the development and accumulation of methods for manipu- 
lating, identifying, and analyzing substances—comprising a rich store of 
“how-to” knowledge. 

Alchemical productivity was not limited to physical products; it also 
aimed to produce knowledge about the natural world. Working with 
and transforming matter required knowing about what it really was, the- 
orizing about its hidden nature and composition, and understanding its 
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properties. Alchemists’ experiences led them to formulate, for example, 
hypotheses about unseen, semipermanent microparticles of matter that 
lay at the heart of material transformations and that could explain their 
observations. They noted the conservation of weight of the materials 
used in their experiments and relied on it to monitor their results better 
than unaided senses alone could do. They cataloged substances and their 
properties, recording the fullness and diversity of the natural world. In 
short, they sought to understand the natural world, to uncover, observe, 
and utilize its processes, to formulate and refine explanations of its func- 
tioning, and to seek out its arcane secrets. 

Crucially, the "natural" world was not so neatly circumscribed for 
early modern people as it is for moderns. In a world filled with mean- 
ing, where human beings, God, and nature are profoundly intertwined 
on multiple levels, the alchemists laboratory investigations and findings 
had wider scope and ramifications than do the analogous activities of 
today's chemists. Within this wider scope, theological and natural truths 
could reflect and expound on one another, and the study of nature was 
the study of God at one remove. Hence, alchemy possessed a multiva- 
lency that operated across multiple branches of knowledge and cul- 
ture. Small wonder, then, that it inspired not only other investigators 
of nature but also a range of artists and authors (even to the present 
day) who could find meanings of their own in its claims, promises, and 
language. Thus, alchemy forms a part of not only the history of science, 
medicine, and technology but also the history of art, literature, theology, 
philosophy, religion, and more. These diverse cultural connections and 
its multivalent character distinguish alchemy—as well as contempora- 
neous astronomy, natural history, and other natural philosophical pur- 
suits—from more narrowly focused modern sciences. 

Yet alchemy, as an integral part of natural philosophy, remains 
foremost a part of the long history of science, of the endeavor of hu- 
man beings to know, understand, control, and make use of the world. 
Its difficult textual legacy as well as long-lived misconceptions or mis- 
representations of its aims and practitioners often obscured this con- 
nection, but current scholarship restores the continuities (without 
ignoring the important distinctions) between alchemy and modern sci- 
ence. The alchemists’ insistence on practical work linked with theoreti- 
cal speculation promoted a culture of experimentalism and developed 
investigative methodologies (such as analysis and synthesis) crucial to 
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the modern scientific enterprise. Alchemists’ aspirations to produce gold 
and silver, gems, better medicines, and other products argued for the 
power of human artifice to improve on nature. Consequently, no clean 
"rupture" separates alchemy from chemistry. To be sure, goals, theories, 
and worldviews as well as social and professional structures and cultural 
positions changed, usually gradually, but the focus on understanding 
matter and guiding its transformations toward practical ends establishes 
a commonality and continuity between “alchemy” and “chemistry.” We 
might ponder whether today’s chemist is any more distant from, say, 
George Starkey, than Starkey was from Jabir, or Jabir from Zosimos. 
Although these individuals would undoubtedly be confused (and often 
confounded) by each other's specific ideas and theories—not to mention 
cultural assumptions—I think they would probably recognize amid such 
differences a certain kinship linking them into a long “chymical” tradi- 
tion of questions about and desires to manipulate the material world. Of 
course, many ideas developed and held by the practitioners of chemeia, 
al-kimiya’, alchemia, chymistry, and chemistry have subsequently been 
shown to be factually incorrect. Nonetheless, science is not a body of 
facts existing "out there”; it is an ever-developing story about the world 
as told by human observers rooted in time and place. Chymists were 
(and continue to be) important authors of that story. 

When the pioneering historian of alchemy Frank Sherwood Taylor 
wrote his popular 1952 survey Tbe Alcbemists, he modestly referred to it 
as only an "interim report" based on what he saw as a still very incom- 
plete state of knowledge about the subject. Now, sixty years later, we 
are in possession of a far broader and deeper understanding of it. An 
energetic battalion of scholars of alchemy has been busily extending our 
knowledge, and alchemy has been brought back into the fold of serious 
academic study and discourse. Yet, as I write these final lines, I recall 
the tens of thousands of pages of alchemical books and manuscripts I've 
encountered in countless libraries and archives, so many of which have 
not been carefully read in centuries. Even a glance up at my own book- 
shelves reveals rather forbiddingly large volumes, much of whose tiny 
early-modern typography still awaits being brought to life and into our 
story by knowledgeable eyes and hands. Ars longa, vita brevis. There is 
no danger that all the secrets of alchemy have been revealed here, or in 
any other book. We still have much to learn, and the Noble Art still has 
much to teach. | 
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Introduction 


1. Some general historical surveys of alchemy in English include John Read, 
Prelude to Chemistry: An Outline of Alchemy, Its Literature and Relationships (originally 
published 1936), E. J. Holmyard, Alchemy (originally published 1957), and Frank 
Sherwood Taylor, Tbe Alchemists: Founders of Modern Chemistry (originally published 
1949); the last is the best of them. These were useful introductory texts in their day, 
but much of their contents have been superseded by more recent scholarship. 

2. See Nathan Sivin, Chinese Alchemy: Preliminary Studies (Cambridge, MA: Har- 
vard University Press, 1968), which contains useful essays as well as edited texts, trans- 
lations, and some chemical explanations, including several replications of processes, 
and “Research on the History of Chinese Alchemy," in Alchemy Revisited, ed. Z. R.W. M. 
von Martels (Leiden: Brill, 1990), pp. 3-20. Also, Joseph Needham, Science and Civi- 
lisation in China, vol. 5, Chemistry and Chemical Technology, esp. parts 2-5 (Cambridge: 
Cambridge University Press, 1974-83), and Hong Ge, Alchemy, Medicine, Religion in the 
China of AD 320 (Cambridge, MA: MIT Press, 1967). Needham’s groundbreaking work 
needs to be read with circumspection, since he is sometimes prone to making arbitrary 
definitions as well as broad claims about Chinese influence on the West, as in “The 
Elixir Concept and Chemical Medicine in East and West,” Organon 11 (1975): 167-92. 
Indian alchemy remains less studied; see Praphulla Chandra Ray, A History of Hindu 
Chemistry, 2 vols. (London: Williams and Norgate, 1907-9; reissued and expanded 
as History of Chemistry in Ancient and Medieval India |Calcutta: Indian Chemical So- 
ciety, 1956]), and Dominik Wujastyk, “An Alchemical Ghost: The Rasaratnakara 
by Nagarjuna,” Ambix 31 (1984): 70-84. Both topics are in need of careful study and 
reevaluation. 
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Chapter One 


All translations in the text from Latin, German, French, Italian, and Greek are my 
own unless otherwise noted. 

1. Alfred Luca and John R. Harris, Ancient Egyptian Materials and Industries 
(London: Arnold, 1962); Martin Levey, Chemistry and Chemical Technologies in Ancient 
Mesopotamia (Amsterdam: Elsevir, 1959); Marco Beretta, The Alchemy of Glass: Counter- 

feit, Imitation, and Transmutation in Ancient Glassmaking (Sagamore Beach, MA: Sci- 
ence History Publications, 2009), 1-22; Peter van Minnen, “Urban Craftsmen in Roman 
Egypt," Münstersche Beiträge zur antiken Handelsgeschichte 6 (1987): 31-87; Paul T. 
Nicholson and Ian Shaw, eds., Ancient Egyptian Materials and Technology (Cambridge: 
Cambridge University Press, 2000); Fabienne Burkhalter, “La production des objets 
en metal (or, argent, bronze) en Egypte Hellénistique et Romaine à travers les sources 
papyrologiques," in Commerce et artisanat dans l'Alexandrie bellénistique et romaine, ed. 
Jean-Yves Empereur (Athens: EFA, 1998), pp. 125-35; and Robert Halleux, Le probléme 
des métaux dans la science antique (Paris: Les Belles Lettres, 1974). 

2. The most recent and reliable edition of these papyri (with French transla- 
tion) is Robert Halleux, Les alchimistes grecs I: Papyrus de Leyde, Papyrus de Stockbolm, 
Recettes (Paris: Les Belles Lettres, 1981). There exist older English translations in Earle 
Radcliffe Caley, "The Leiden Papyrus X: An English Translation with Brief Notes," 
Journal of Chemical Education 3 (1926): 1149-66, and "The Stockholm Papyrus: An En- 
glish Translation with Brief Notes," Journal of Chemical Education 4 (1927): 979-1002. 

3. Halleux, Les alchimistes grecs, pp. 104-5. The Greek name of the substance is 
ambiguous; in many contexts it can be translated as either “water of sulfur" or "divine 
water’; see below. 

4. Should any readers wish to try this for themselves, take calcium hydroxide 
(s g) and sulfur (5 g), and mix with 100 ml of fresh urine (if you're squeamish about 
that, try 100 ml of distilled white vinegar instead). Boil very gently in a well-ventilated 
space for one hour, and filter the solution while hot. It takes a bit of trial and error to 
use the liquid effectively, but the surface color produced can be surprisingly stable 
and long lasting. 

5. This body of Greek texts was edited (with French translation) by the chem- 
ist Marcellin Berthelot and C. E. Ruelle in their Collections des alchimistes grecs, 3 vols. 
(Paris, 1887-88). Their pioneering work has often been criticized, and on reasonable 
grounds; the translations are frequently unsound, and the Greek texts often inaccu- 
rate. Yet it remains the only available source for many of the texts, since only some of 
them have received better attention since. On the manuscripts, see Michéle Mertens, 
Les alchimistes grecs IV, i: Zosime de Panopolis, Mémoires authentiques (Paris: Les Belles 
Lettres, 2002), pp. xx-xlii; Henri Dominique Saffrey, “Historique et description du 
manuscrit alchimique de Venise Marcianus graecus 299," in Alchemie: Art, histoire, 
et mythes, ed. Didier Kahn and Sylvain Matton, Textes et Travaux de Chrysopoeia 1 
(Paris: SEHA; Milan: Arché, 1995), pp. 1-10; and A. J. Festugiere, “Alchymia,” in 
Hermétisme et mystique paienne, ed. A. J. Festugiére (Paris: Les Belles Lettres, 1967), 
pp. 205-29. For an extensive list of Greek alchemical manuscripts, see Joseph Bidez et al., 
eds., Catalogue des manuscrits alchimiques grecs, 8 vols. (Brussels: Lamertin, 1924-32). 

6. Matteo Martelli, "L'opera alchemica dello Pseudo-Democrito: Un riesame del 
testo," Eikasmos 14 (2003): 161-84; "Chymica Graeco-Syriaca: Osservationi sugli scritti 
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alchemici pseudo-Democritei nelle tradizioni greca e sirica,” in 'Uyzn al-Akhbar: 
Studi sul mondo Islamico; Incontro con l'altro e incroci di culture, ed. D. Cevenini and 

S. D'Onofrio (Bologna: Il Ponte, 2008), pp. 219-49; and Christoph Lüthy, “The Four- 
fold Democritus on the Stage of Early Modern Europe,” Isis 91 (2000): 442-79. An 
English translation of the Pbysika kai mystika was published in 1890, but it is incom- 
plete and often misleading: Robert B. Steele, "The Treatise of Democritus on Things 
Natural and Mystical,” Chemical News 61 (1890): 88-125. A much-needed critical edi- 
tion with Italian translation has recently been published by Matteo Martelli, ed., 
Pseudo-Democrito: Scritti alcbemici, con il commentario di Sinesio; Edizione critica del 
testo greco, traduzione e commento, Textes et Travaux de Chrysopoeia 12 (Paris: SÉHA; 
Milan: Arche, 2011); an English version including new material from Syriac versions 
is now in preparation by the same scholar. Martelli (pp. 99-114) also disposes of the 
earlier notion, frequently repeated in the literature, that the Pbysika kai mystika was 
written by one Bolos of Mende, a Greco-Egyptian author of the third and second 
centuries BC. 

7. Originally, the word was used in relation to the material details of religious 
rituals, but by the start of the Christian Era it had come to refer to anything that re- 
quired laborious activity to uncover. Louis Bouyer, "Mysticism: An Essay on the His- 
tory of a Word," in Understanding Mysticism (Garden City, NY: Image Books, 1980), 
pp. 42-55. 

8. Martelli, Scritti alcbemici, pp. 184-87. 

9. See the linguistic analysis by Matteo Martelli in "Greek Alchemists at Work: 
‘Alchemical Laboratory’ in the Greco-Roman Egypt,” Nuncius 26 (2011): 271-311, esp. 
282-84. 

10. The most reliable and extensive treatment of Zosimos’s Greek texts is Mer- 
tens, Les Alchimistes grecs IV, i: Zosime. Some Zosimos texts not treated by Mertens but 
published by Berthelot, Collections, 117-242, await more critical editions. 

11. Recent scholarship suggests that Zosimos organized his writings toward the 
end of his life, classifying his writings under the twenty-four letters of the Greek al- 
phabet and adding prologues to each (either as introductions or as responses to criti- 
cism). He then added four final books to create the ensemble of twenty-eight alluded 
to by the Suda, a tenth-century Byzantine encyclopedia. We currently possess frag- 
ments known to have been classed under omega, and references to sigma and kappa. 
See Mertens, Les Alchimistes grecs IV, 1: Zosime, pp. ci-cv. 

12. A careful and insightful analysis of Zosimos’s apparatus, including clear illus- 
trations, is given in ibid., pp. cxiii-clxix; see also Martelli, “Greek Alchemists.” 

13. Mertens, Les Alchimistes grecs IV, i: Zosime, p. 12. The whitening by sulfur vapor 
may be a reference to the bleaching ability of sulfur dioxide (produced from burning 
sulfur); newspaper is still bleached by that method today. 

14. The reference is to the production of mercuric sulfide, which is a solid (unlike 
liquid mercury) and far less volatile than sulfur. 

15. See Matteo Martelli, "Divine Water in the Alchemical Writings of Pseudo- 
Democritus,” Ambix 56 (2009): 5-22, and Cristina Viano, “Gli alchimisti greci e l'acqua 
divina,” Rendiconti della Accademia Nazionale delle Scienze. Parte II: Memorie di scienze 

fisiche e naturali 21 (1997): 61-70. 

16. Mertens, Les Alchimistes grecs IV, i: Zosime, p. 21. On his use of “hermaphro- 

dite,” see chapter 3, note 69. 
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17. In an exciting recent development, several long-lost texts of Zosimos have 
been identified in Arabic translation. These documents, along with many others spu- 
riously attributed to Zosimos, have been known for some time (Manfred Ullmann, 
Die Natur- und Gebeimwissenschaften im Islam |Leiden: Brill, 1972], pp. 160-64), but 
their authenticity has only recently been established by Benjamin Hallum (“Zosimus 
Arabus," PhD diss., Warburg Institute, 2008). These will be edited and published in 
due course. I quote here from the “Twenty-Sixth Epistle,” p. 366. 

18. Mertens, Les Alchimistes grecs IV, i: Zosime, p. 17. 

19. Ibid., pp. 40-41. 

20. Ibid., p. 47. 

21. Hallum, “Zosimus Arabus,” pp. 130-47, quoting from pp. 142-43; compare 
with the interpretation given by Mertens, Les Alchimistes grecs IV, i: Zosime, p. 45, 
note 19. On Sulpburs may prove to be the only complete or nearly complete work of 
Zosimos that survives, and has already been shown to be the original source for two 
isolated fragments previously known in Greek. 

22. Mertens, Les Alcbimistes grecs IV, i: Zosime, pp. 207-31. 

23. Ibid., p. 41. 

24. On Gnosticism, see Wouter J. Hanegraaff, Antoine Faivre, Roelof van den 
Broek, and Jean-Pierre Brach, eds., The Dictionary of Gnosis and Western Esotericism 
(Leiden: Brill, 2005), 1:403-16 and references therein. 

25. A good English translation of this prologue exists as Zosimos of Panopolis, On 
the Letter Omega, ed. and trans. Howard M. Jackson (Missoula, MT: Scholars Press, 
1978); a more rigorously critical edition, with commentary, is in Mertens, Les Alcbi- 
mistes grecs IV, i: Zosime, pp. 1-10. The “Final Account” is edited (with French trans- 
lation) in Festugiére, Revelation, pp. 275-81, 363-68. For further analysis see Daniel 
Stolzenberg, “Unpropitious Tinctures: Alchemy, Astrology, and Gnosis according to 
Zosimos of Panopolis,” Archives internationales d'bistoire des sciences 49 (1999): 3-31. 

26. In classical thought, daimons are immaterial beings occupying an intermedi- 
ate rank between the gods and men. Their moral proclivities might be either benign 
or wicked (Socrates referred to a daimon that gave him valuable advice), but in 
Zosimos's cosmological view they seem always to be intent on keeping men enslaved. 
His perspective may reflect the influence of Jewish and/or Christian ideas. 

27. Zosimos, “Final Account,” in Festugiere, Revelation, p. 366. 

28. Acta sanctorum julii (Antwerp, 1719-31), 2:557; John of Antioch, Iohannes 
Antiocbeni fragmenta ex Historia chronica, ed. and trans. Umberto Roberto (Berlin: De 
Gruyter, 2005), fragment 248, pp. 428-29. 

29. C. H. V. Sutherland, "Diocletian's Reform of the Coinage: A Chronological 
Note," Journal of Roman Studies 45 (1955): 116-18; Juan Carlos Martinez Oliva, “Mone- 
tary Integration in the Roman Empire," in From tbe Atbenian Tetradracbm to tbe Euro, 
ed. P. L. Cottrell, Gérasimos Notaras, and Gabriel Tortella (Burlington, VT: Ashgate, 
2007), pp. 7-23, esp. pp. 18-22. 

30. Paul T. Keyser, "Greco-Roman Alchemy and Coins of Imitation Silver," 
American Journal of Numismatics 7-8 (1995): 209-33. 

31. From a fragment of Zosimos cited in the ninth century by Georgos Synkellos, 
Chronograpbia, 1:23-24; for analysis, see Mertens, Les Alchimistes grecs IV, i: Zosime, 
pp. xciii-xcvi. We do not know the context in which Zosimos originally wrote this idea. 

32. Plutarch, De Iside et Osiride, 33:364C. 
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33. Robert Halleux, Les textes alcbimiques (Turnhout, Belgium: Brepols, 1979), 
PP- 45-47. 

34. For an overview see Michele Mertens, "Graeco-Egyptian Alchemy in 
Byzantium," in Tbe Occult Sciences in Byzantium, ed. Paul Magdalino and Maria 
Mavroudi (Geneva: La Pomme d'Or, 2006), pp. 205-30. 

35. Cristina Viano, "Les alchimistes gréco-alexandrins et le Timee de Platon,” in 
L’Alchimie et ses racines pbilosopbiques: La tradition grecque et la tradition arabe, ed. 
Cristina Viano (Paris: Vrin, 2005), pp. 91-108; "Aristote et l'alchimie grecque," Revue 
d'bistoire des sciences 49 (1996): 189-213; La matière des choses: Le livre IV des Météoro- 
logiques d'Aristote et son interprétation par Olympiodore (Paris: Vrin, 2006), esp. ap- 
pendix 1, pp. 199-208: "Olympiodore l'alchimiste"; “Olympiodore l'alchimiste et les 
Présocratiques," in Alcbemie: Art, bistoire, et mytbes, ed. Didier Kahn and Sylvain 
Matton (Paris: SÉHA, 1995), pp. 95-150; and “Le commentaire d'Olympiodore au livre 
IV des Météorologiques d' Aristote," in Aristoteles chemicus, ed. Cristina Viano (Sankt 
Augustin, Germany: Academia Verlag, 2002), pp. 59-79. 

36. There has been a long debate whether the Stephanos of the Corpus alchemi- 
cum graecum is the same person as the Neoplatonic philosopher Stephanos. The most 
recent evidence leads to the conclusion that he is. See Maria K. Papathanassiou, 
"L'Oeuvre alchimique de Stephanos d’Alexandrie,” in Viano, L’Alchimie et ses racines, 
pp. 113-33; "Stephanus of Alexandria: On the Structure and Date of His Alchemical 
Work," Medicina nei secoli 8 (1996): 247-66; and "Stephanos of Alexandria: A Famous 
Byzantine Scholar, Alchemist and Astrologer," in Madgalino and Mavroudi, Occult 
Sciences, pp. 163-203. A rough English translation is available in Frank Sherwood 
Taylor, "Alchemical Works of Stephanus of Alexandria, Part I,” Ambix 1 (1937): 116-39, 
and “Part IL" Ambix 2 (1938): 39-49. 

37. The phrase “stone that is no stone” appears in Zosimos (Mertens, Les alchi- 
mistes grecs IV, i: Zosime, p. 49). Note that the correct term is Philosophers’ Stone, not 
the commonly encountered Philosopber’s Stone. All original sources in various lan- 
guages use the plural possessive: Stone of the Philosophers. 


Chapter Two 


1. Marcellin Berthelot, Rubens Duval, and O. Houdas, La chimie au moyen age, 
3 vols. (Paris, 1893). 

2. For a good treatment of the translation movement, see Dimitri Gutas, Greek 
Thought, Arabic Culture: The Graeco-Arabic Translation Movement in Baghdad and Early 
‘Abbasid Society (London: Routledge, 1998). For a quicker introduction, see David C. 
Lindberg, The Beginnings of Western Science, 2nd ed. (Chicago: University of Chicago 
Press, 2007), pp. 166-76. 

3. This information comes from the Catalogue (al-Fibrist) composed in 987 by the 
Baghdad bookseller Ibn al-Nadim, one of the greatest resources for bibliographers of 
Arabic sources. An English translation of the section covering alchemy is J. W. Fick, 
“The Arabic Literature on Alchemy according to An-Nadim,” Ambix 4 (1951): 81-144; 
this section contains an early version of the story of Khalid and his books on p. 89 and 
in the notes on p. 120. 

4. Morienus, De compositione alchemiae, in Bibliotheca chemica curiosa, ed. J. J. 
Manget (Geneva, 1702; reprint, Sala Bolognese: Arnoldo Forni, 1976), 1:509-19; 
Ullmann, Natur- und Gebeimwissenschaften, pp. 191-95; Ahmad Y. al-Hassan, “The 
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Arabic Original of the Liber de compositione alchemiae,’ Arabic Sciences and Philosophy 14 
(2004): 213-31. 

5. Julius Ruska, Arabische Alchemisten I: Chalid ibn- Fazid ibn-Mu‘awija, Heidelberger 
Akten von-Portheim-Stiftung 6 (1924; reprint, Vaduz, Liechtenstein: Sändig Reprint 
Verlag, 1977); Manfred Ullmann, “Hälid ibn-Yazid und die Alchemie: Eine Legende,” 
Der Islam 55 (1978): 181-218. 

6. For example, Patriarch Timothy I prepared the first Arabic version of a work 
by Aristotle (the Topics) for the caliph al-Mahdi around 782; Gutas, Greek Thougbt, 
pp- 61-69. 

7. For short descriptions of these early productions, see Georges C. Anawati, 
"L'alchimie arabe,” in Histoire des sciences arabes, ed. Roshdi Rashed and Régis Morelon, 
vol. 3, Technologie, alcbimie et sciences de la vie (Paris: Seuil, 1997), pp. 111-42, and 
Ullmann, Natur- und Gebeimwissenschaften, pp. 151-91. 

8. On Hermes and Hermeticism, see Hanegraaff, Faivre, van den Broek, and 
Brach, Dictionary of Gnosis and Western Esotericism, 1:474-570; Garth Fowden, The 
Egyptian Hermes: A Historical Approach to the Late Pagan Mind (Cambridge: Cambridge 
University Press, 1986) [useful for Hermes, but the material on Zosimos and alchemy 
is now outdated]; and Florian Ebeling, The Secret History of Hermes Trismegestus: 
Hermeticism from Ancient to Modern Times (Ithaca, NY: Cornell University Press, 2007), 
PP. 3-36; for the philosophico-theological texts see Brian Copenhaver, Hermetica: The 
Greek Corpus Hermeticum and the Latin Asclepius (Cambridge: Cambridge University 
Press, 1992). | 

9. For the Arabic Hermes and texts attributed to him, see Ullmann, Natur- und 
Gebeimwissenschaften, pp. 165-72 and 368-78; Fück, “An-Nadim,” pp. 89-91; and 
Martin Plessner, “Hermes Trismegistus and Arab Science,” Studia Islamica 2 (1954): 
45-59. On the growth of the Arabic myth of Hermes (with little about alchemy), see 
Kevin T. Van Bladel, The Arabic Hermes: From Pagan Sage to Prophet of Science (Oxford: 
Oxford University Press, 2009). 

10. For one version of Hermes Trismegestus as the ancient father of alchemy, 
see Michael Maier, Symbola aureae mensae duodecim nationum (Frankfurt, 1617), 
pp. 5-19; for the usage of the term Hermetic Art, see Bernard Joly, “La rationalité de 
l'Hermétisme: La figure d’Hermes dans l'alchimie à l’âge classique," Methodos 3 (2003): 
61-82, and Jean Beguin, Tyrocinium chymicum (Paris, 1612), pp. 1-2: “If anyone should 
call it [chymistry] the Hermetic Art, he refers to its originator and antiquity." For the 
seventeenth-century attack on Hermes’ date and prophetic status, see Anthony 
Grafton, "Protestant versus Prophet: Isaac Casaubon on Hermes Trismegistus,” Four- 
nal of tbe Warburg and Courtauld Institutes 46 (1983): 78-93. For a lengthy early 
modern alchemical commentary, see Gerhard Dorn, Physica Trismegesti, in Theatrum 
chemicum, 1:362-87; and on Newton, J. E. McGuire and P. M. Rattansi, "Newton and 
the Pipes of Pan,” Notes and Records of tbe Royal Society of London 21 (1966): 108-43, and 
B. J. T. Dobbs, "Newton's Commentary on The Emerald Tablet of Hermes Trismegestus: 
Its Scientific and Theological Significance," in Hermeticism and tbe Renaissance, ed. 
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11. Julius Ruska, Tabula Smaragdina: Ein Beitrag zur Geschichte der hermetischen 
Literatur (Heidelberg: Winter, 1926); Martin Plessner, "Neue Materialien zur Ge- 
schichte der Tabula Smaragdina,” Der Islam 16 (1928): 77-113; for a summary of the 
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history ofthe Tablet and several versions of its text, see Didier Kahn, ed., La table 
d'émeraude et sa tradition alcbimique (Paris: Belles Lettres, 1994). 

12. Balinüs is actually the Arabic rendering of Apollonios. Arabic has no p, so that 
letter becomes b, giving “Abollonios,” which, with the vowel modifications typical 
of translating into and out of Arabic (the language has only three vowels—a, i, and 
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13. The Arabic text of the Kitab sirr al-kbaliqa was not edited and published 
until 1979: Ursula Weisser, ed., Sirr al-kbaliqab wa san'at al-tabi'ab (Aleppo: Aleppo 
Institute for the History of Arabic Science, 1979). A summary of its contents is cur- 
rently available in Ursula Weisser, Das “Buch über das Gebeimnis der Schöpfung” von 
Pseudo-Apollonios von Tyana (Berlin: Walter de Gruyter, 1980; reprint, 2010), and an 
edition of the medieval Latin translation edited by Frangoise Hudry is “Le De secretis 
naturae du pseudo-Apollonius de Tyane: Traduction latine par Hugues de Santalla du 
Kitab sirr al-baliga de Balinüs,” in “Cing traités alchimique médiévaux,” Chrysopoeia 6 
(1997-99): 1-153. 

14. The discovery of arcane texts in underground burial chambers or in ancient 
Egyptian monuments had become a literary device by the Islamic period; see Ruska, 
Tabula, pp. 61-68. 

15. English translation from the Arabic provided by E. J. Holmyard, “The Emerald 
Table,” Nature 112 (1923): 525-26, quoting from p. 526. Note, however, that Holmyard’s 
historical claims in this article about the origin and dating of the Tabula have since 
been shown to be wrong. 

16. Gotthard Strohmaier, “‘Umara ibn Hamza, Constantine V, and the Invention 
of the Elixir,” Graeco-Arabica 4 (1991): 21-24; a fuller account is Strohmaier, “Al- 
Mansür und die frühe Rezeption der griechischen Alchemie,” Zeitschrift für Geschichte 
der Arabisch-Islamischen Wissenschaften 5 (1989): 167-77. 

17. Fück, “An-Nadim,” p. 96. 

18. Paul Kraus, fabir ibn Hayyan: Contribution à l'bistoire des idées scientifiques dans 
l'Islam, vol. 1, Le Corpus des écrits jäbiriens, Mémoires de L'Institut d’Egypte 44 (1943), 
and vol. 2, Fabir et la science grecque, Mémoires de L'Institut d’Egypte 45 (1942). The 
second volume has been reprinted by Les Belles Lettres (Paris, 1986). In 1944, as Kraus 
was completing a third book that situated Jabir in the context of Islamic religious 
history, he was found hanged in his apartment in Cairo. Doubts remain whether it was 
suicide or murder. To make matters worse, much of the manuscript of his third book 
was lost after his death. This unequaled scholar who solved so many difficult myster- 
ies of the past departed tragically in a mystery of his own; and while he painstakingly 
recovered books that had been lost for centuries, most of his own final book perished 
due to carelessness. 

19. An alchemical text bearing the name of Ja'far has been found, but it has been 
shown to be a later forgery. See Julius Ruska, Arabische Alchemisten II: Ga far alsadiq, 
der Sechste Imam, Heidelberger Akten von-Portheim-Stiftung 10 (1924; reprint, Vaduz, 
Liechtenstein: Sándig Reprint Verlag, 1977). This publication includes a German 
translation of the alchemical text attributed to Ja far. 

20. This view is summarized in Kraus, Le Corpus des écrits jabiriens, pp. xlv-lxv. 

21. Aristotle, Meteorologica 3.6.378a17- b6. 

22. Kraus, fabir et la science grecque, pp. 270-303, and Pinella Travaglia, “I Meteo- 
rologica nella tradizione eremetica araba: il Kitab sirr al-baliqa," in Viano, Aristoteles 
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23. Jabir, Kitab al-ıdah, in The Arabic Works of fabir ibn Hayyan, ed. and trans. E. J. 
Holmyard (Paris: Geuthner, 1928), p. 54 [Arabic text]; E. J. Holmyard, “Jabir ibn- 
Hayyan, Proceedings of the Royal Society of Medicine, Section of the History of Medicine 
16 (1923): 46-57, quoting from p. 56 [partial English translation]; Karl Garbers and 
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25. Garbers and Weyer, Lesebuch, pp. 14-15; Holmyard, “Jabir,” p. 57. 

26. See Lindberg, Beginnings of Western Science, pp. 31, 53-54. 

27. These processes are described in detail in Kraus, fabir et la science grecque, 
pp. 4-18. 

28. For a quick overview of Galenic medicine, see G. E. R. Lloyd, Greek Science 
after Aristotle (New York: Norton, 1973), pp. 136-53, esp. 138-40; for the development 
of the system of degrees by al-Kindi, see Pinella Travaglia, Magic, Causality and 
Intentionality: The Doctrine of Rays in al-Kindi, Micrologus Library 3 (Florence: Sismel, 
1999), pp. 73-96. 
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Kraus, fabir et la science grecque, pp. 1-3. 
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Arabic texts exists in Holmyard, The Arabic Works of Jabir ibn-Hayyan; Paul Kraus, 
Jábir ibn-Hayyan: Textes choisis (Paris: Maisonneuve, 1935); and Pierre Lory, 
L'Élaboration de l'Élixir Supreme (Damascus: Institut Français de Damas, 1988) [the 
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(none into English) are Alfred Siggel, ed., Das Buch der Gifte des Gabir ibn-Hayyan 
(Wiesbaden: Akademie der Wissenschaften und der Literatur, 1958) [Arabic of Kitab 
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Western Esotericism, 2:374-83. 
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St. Augustine, On the Gospel of fobn, tractate 122. To understand a "triangular number,” 
draw a single dot, then two dots in a row beneath it to mark the corners of an equilat- 
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34. Jabir, quoted in Kraus, Le corpus des écrits jabiriens, p. xxvii. 
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work of al-Tughrä’i (eleventh century) in “Beiträge zur Geschichte der Naturwissen- 
schaften LXVII: Alchemistische Decknamen,” Sitzungsbericbte der Physikalisch- 
medizinalischen Societät zu Erlangen 56 (1924):17-36; a longer list drawn from more 
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(Berlin: Akademie Verlag, 1951). 

38. Quoted from the Book of Properties (Kitab al-kbaswass) in Kraus, Le corpus des 
écrits jabiriens, p. xxviii. 

39. William R. Newman, The Summa Perfectionis of tbe Pseudo-Geber: A Critical 
Edition, Translation, and Study (Leiden: Brill, 1991), p. 90. 

40. Robert Boyle, Dialogue on Transmutation, edited in Lawrence M. Principe, 
Tbe Aspiring Adept: Robert Boyle and His Alcbemical Quest (Princeton, NJ: Princeton 
University Press, 1998), pp. 233-95, quoting from pp. 273-74; text modernized here. 

41. Martin Plessner, "The Place ofthe Turba Pbilosopborum in the Development of 
Alchemy," Isis 45 (1954): 331-38, and Vorsokratische Philosophie und griechische Alchemie 
(Wiesbaden: Steiner, 1975). Plessner's work extends and corrects the foundational, 
and still valuable, work on the text by Julius Ruska, Turba philosophorum: Ein Beitrag 
zur Gescbicbte der Alcbemie (Berlin: Springer, 1931). 

42. Julius Ruska, “Al-Biruni als Quelle für das Leben und die Schriften al-R4zi’s,” 
Isis 5 (1923): 26-50; "Die Alchemie ar-Razi's," Der Islam 22 (1935): 281-319. 

43. Julius Ruska, A/-Razi's Buch der Gebeimnis der Gebeimnisse (Berlin: Springer, 
1937; reprint, Graz: Verlag Geheimes Wissen, 2007) [contains a complete German trans- 
lation of Al-Razri's text]; H. E. Stapleton, R. F. Azo, and M. Hidayat Husain, "Chemistry 
in Iraq and Persia in the Tenth Century AD," Memoirs of tbe Asiatic Society of Bengal 8 
(1927): 317-418 [contains a partial English translation of Al-Räzi's text]. 

44. There is a brief comment by the fifth-century Neoplatonic philosopher 
Proclus that seems to deny that alchemists can make gold in the same way that nature 
does, although it is not clear that he denies chrysopoeia itself; Proclus, Commentary on 
the Republic, 2.23417. 

45. On al-Kindi, see Felix Klein-Francke, "Al-Kindi," in Tbe History of Islamic 
Philosophy, ed. Seyyed Hossein Nasr and Oliver Leaman (New York: Routledge, 1996), 
pp. 165-77. Reference to his lost work against chrysopoeia is made by al-Mas'üdi (died 
956) in his Muràj al-dbabab, available in French translation: Les Prairies d'Or, trans. 

B. de Maynard and P. de Courteille (Paris, 1861-1917), 5:159. 

46. The work is listed in medieval catalogs (both Arabic and Latin) of al-Razi's 
works, see G. S. A. Ranking, "The Life and Works of Rhazes (Abu Bakr Muhammad 
bin Zakariya ar-Razi)," XVII International Congress of Medicine, London 1913, 
Proceedings, section 23, pp. 237-68; on p. 249, no. 40. 
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47. Julius Ruska, “Die Alchemie des Avicenna,” Isis 21 (1934): 14-51, judged the 
work to be a Latin forgery, but an Arabic text exists; see H. E. Stapleton, R. F. Azo, 
Hidayat Husain, and G. L. Lewis, “Two Alchemical Treatises Attributed to Avicenna,” 
Ambix 10 (1962): 41-82. The Arabic text, a French translation, and the medieval Latin 
version are all provided in Georges C. Anawati, "Avicenna et l'alchimie," in Convegno 
internazionale, 9-15 aprile 1969: Oriente e occidente nel medioevo: filosofia e scienze 
(Rome: Accademia Nazionale dei Lincei, 1971), pp. 285-345. 

48. E. J. Holmyard and D. C. Mandeville, eds., Avicennae de congelatione et conglu- 
tinatione lapidum, Being Sections of tbe Kitab al-Sbifa' (Paris: Paul Geuthner, 1927), p. 40. 
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plus notes. 

49. Ibid., p. 41. 

50. Ibn-Sinä, quoted in A. F. Mehrens, "Vues d'Avicenne sur astrologie et sur le 
rapport de la responsabilité humaine avec le destin," Museon 3 (1884): 383-403, quot- 
ing from p. 387. 

51. Ibn-Sinà, quoted in Holmyard and Mandeville, Avicennae de Congelatione, 

P. 41. 

52. For a summary, see Ullmann, Natur- und Geheimwissenschaften, pp. 249-55. 

53. One exception is an account of John Isthmeos, who appeared in Antioch 
in 504, swindling many people there before moving to Constantinople, where he 
continued his trade until he was exiled; see Mertens, “Graeco-Egyptian Alchemy,” 
pp. 226-27. 

54. The text exists in French translation as al-Jawbari, La voile arraché, trans. 
René R. Khawan, 2 vols. (Paris: Phèbus, 1979); the section on chrysopoeia is 1:183-229. 
A partial English translation appears in Harold J. Abrahams, “Al-Jawbari on False 
Alchemists,” Ambix 31 (1984): 84-87. 

55. Leo Africanus, A Geographicall Historie of Africa (London, 1600), pp. 155-56. 
The text was originally published in 1526 in Italian. On Fez as a continuing center of 
alchemy, see José Rodríguez Guerrero, “Some Forgotten Fez Alchemists and the Loss 
of the Peñon de Vélez de la Gomera in the Sixteenth Century,” in Chymia: Science and 
Nature in Medieval and Early Modern Europe, ed. Miguel López-Pérez, Didier Kahn, 
and Mar Rey Bueno (Newcastle-upon-Tyne: Cambridge Scholars Publishing, 2010), 
PP- 291-309. 

56. For a summary of some of these later alchemical authors, see Ullmann, Natur- 
und Gebeimwissenschaften, pp. 224-48. 

57. Holmyard, Alchemy, p. 104. 


Chapter Three 


1. Morienus, De compositione alchemiae, in Bibliotheca chemica curiosa, 1:509-19, 
quoting from p. 509; this Latin edition is fairly corrupt—I have silently changed its 
vestra to nostra in accord with some manuscripts. For an English translation and an al- 
ternate Latin text (omitting the prologue), see Morienus, A Testament of Alchemy, ed. 
and trans. Lee Stavenhagen (Hanover, NH: Brandeis University Press, 1974); the trans- 
lation is not always accurate. The authenticity of the work as a translation from Arabic 
rather than as an original Latin composition was denied by Julius Ruska, Arabische 
Alchemisten I, pp. 33-35, but partial Arabic versions have since been found: Ullmann, 
Natur- und Geheimwissenschaften, pp. 192-93, and al-Hassan, "The Arabic Original.” 
The authenticity of Robert's prologue as a twelfth-century work has also been called 
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into question, including by Stavenhagen (pp. 52-60), but has been reaffirmed con- 
vincingly by Richard Lemay, "L'authenticité de la Préface de Robert de Chester à sa 
traduction du Morienus," Chrysopoeia 4 (1990-91): 3-32; see also Didier Kahn, "Note 
sur deux manuscrits du Prologue attribué à Robert de Chester," ibid., pp. 33-34. A 
thorough critical edition of the Morienus text remains a desideratum. Of course, my 
citation of an exact day of the week on which alchemy "arrived" in the Latin world is 
partly tongue-in-cheek; there were undoubtedly some earlier transfers and multiple 
points of ingress. Nonetheless, the fact remains that we can trace the origins of Latin 
alchemy more clearly than those of Greek or Arabic alchemy. 

2. The classic source is Charles Homer Haskins, The Renaissance of tbe Twelfth 
Century (Cambridge, MA: Harvard University Press, 1927); more recently, Robert L. 
Benson and Giles Constable, eds., Renaissance and Renewal in tbe Twelfth Century, with 
Carol D. Lanham (Cambridge, MA: Harvard University Press, 1982; reprint, Toronto: 
Medieval Academy of America, 1991); in regard to the Latin translation movement, see 
the article by Marie-Thérése d'Alverny, "Translations and Translators,” on pp. 421-62; 
see also Edward Grant, Tbe Foundations of Modern Science in tbe Middle Ages (Cambridge: 
Cambridge University Press, 1996), pp. 18-32. 

3. Morienus, De compositione, in Bibliotheca chemica curiosa, 1:509. 

4. Hugh of Santalla's twelfth-century translation of Balinüs is edited in Hudry, 
"Le De secretis naturae." 

5. Cyril Stanley Smith and John G. Hawthorne, Mappae Clavicula: A Little Key to 
tbe World of Medieval Techniques, Transactions of the American Philosophical Society 
64 (Philadelphia: American Philosophical Society, 1974); Rozelle Parker Johnson, Com- 
positiones variae: An Introductory Study, Illinois Studies in Language and Literature 23 
(Urbana, IL, 1939); Heinz Roosen-Runge, Farbgebung und Technik frümittelalterlicber 
Buchmalerei: Studien zu den Traktaten "Mappae Clavicula" und "Heraclius," 2 vols. 
(Munich: Deutscher Kunstverlag, 1967). 

6. Theophilus is possibly identifiable as Roger of Helmarshausen, a Benedictine 
monk; his book in available in English translation as Oz Divers Arts, trans. John G. 
Hawthorne and Cyril Stanley Smith (New York: Dover, 1979). 

7. Ibid., pp. 119-20. 

8. Carmélia Opsomer and Robert Halleux, "L'Alchimie de Théophile et l'abbaye 
de Stavelot,” in Comprendre et maitriser la nature au Moyen Age, ed. Guy Beaujouan 
(Geneva: Droz, 1994), pp. 437-59, and Halleux, "La réception de l'alchimie arabe en 
Occident," in Rashed and Morelon, Histoire des sciences arabes, 343-51, esp. pp. 143-45. 

9. One of the earliest of these is the Ars alchemie, dating from the early thirteenth 
century; see Antony Vinciguerra, “The Ars alchemie: The First Latin Text on Practical 
Alchemy," Ambix 56 (2009): 57-67. 

10. We owe this identification, and the solution to the “Jabir-Geber” problem, to 
the painstaking studies of William R. Newman. For a detailed treatment of Geber's 
identity, see Newman, “New Light on the Identity of Geber,” Sudboffs Archiv 69 (1985): 
79-90, and “Genesis of the Summa perfectionis,” Archives internationales d histoire des 
sciences 35 (1985): 240-302. For an edition, translation, and historical contextualization 
of the Summa, see Newman’s The Summa Perfectionis of Pseudo-Geber. 

11. On such borrowings from Jäbir, see Newman, Summa perfectionis, pp. 86-99. 

12. One notable exception to this generalization is Roger Bacon, who was appar- 
ently more deeply influenced by Jabir than were others; see William R. Newman, “The 
Philosophers’ Egg: Theory and Practice in the Alchemy of Roger Bacon,’ in “Le crisi 


224 NOTES TO PAGES 57-61 


dell’alchimia,” Micrologus 3 (1995): 75-101, and Michela Pereira, “Teorie dell'elixir 
nell'alchimia latina medievale," in ibid., pp. 103-49. 

13. Aristotle, Physics 187b14-22, and Meteors 385b12-26, 386b1-10 and 387217-22; 
for the expansion of these ideas in the Middle Ages, especially in relation to Geber, 
see Newman, Summa perfectionis, pp. 167-90. On Meteors IV and its importance to 
alchemy, see the essays in Viano, Aristoteles cbemicus, and Craig Martin, "Alchemy 
and the Renaissance Commentary Tradition on Meteorologica IV," Ambix 51 (2004): 
245-62. 

14. Newman, Summa perfectionis, pp. 159-62, 471-75, and 725-26. 

15. Ibid., pp. 143-92; William R. Newman, Atoms and Alchemy (Chicago: Univer- 
sity of Chicago Press, 2006), esp. pp. 23-44; Antoine Calvet, "La théorie per minima 
dans les textes alchimiques des XIV* et XV* siècles,” in Chymia: Science and Nature in 
Medieval and Early Modern Europe, ed. Miguel López-Pérez, Didier Kahn, and Mar Rey 
Bueno (Newcastle-upon-Tyne: Cambridge Scholars Publishing, 2010), pp. 41-69. 

16. There are many minor variants of the Latin text; see Newman, Summa per- 
fectionis, pp. 48-51. Holmyard and Mandeville, Avicennae de congelatione, pp. 53-54, 
gives one version; another is Avicennae de congelatione et conglutinatione lapidum, in 
Bibliotbeca cbemica curiosa, pp. 636-38, quotation from p. 638. In fact, Aristotle actually 
had a much higher regard for the power of human artifice than did Ibn-Sinä. 

17. Attention was first called to the manuscript by Newman, who published and 
analyzed a portion of it. See Newman, Summa perfectionis, pp. 7-15. 

18. On Albert's alchemy, see Pearl Kibre, "Albertus Magnus on Alchemy," in 
Albertus Magnus and tbe Sciences: Commemorative Essays 1980, ed. James A. Weisheipl 
(Toronto: Pontifical Institute of Mediaeval Studies, 1980), pp. 187-202; "Alchemical 
Writings Attributed to Albertus Magnus," Speculum 17 (1942): 511-15; and Robert 
Halleux, "Albert le Grand et l'alchimie," Revue des sciences philosophiques et théologiques 
66 (1982): 57-80. For his own works on alchemy, Liber mineralium, in Alberti Magni 
opera omnia, ed. A. Borgnet (Paris, 1890-99), 5:1-116, and the attributed Libellus de 
alchemia, 37:545-73; English translations: Book of Minerals, trans. Dorothy Wyckoff 
(Oxford: Clarendon Press, 1967), and “Libellus de Alchemia” Ascribed to Albertus Magnus, 
trans. Virginia Heines, SCN (Berkeley: University of California Press, 1958). 

19. St. Thomas Aquinas, Summa tbeologica, 2ae 2a, quaestio 77, articulus 2. 

20. Giles of Rome, Quodlibeta, quaestio 3, quolibet 8, in Sylvain Matton, Scolastique 
et Alchimie, Textes et Travaux de Chrysopoeia 10 (Paris: SÉHA; Milan: Arche, 2009), 
pp. 77-80; William R. Newman, "Technology and Alchemical Debate in the Late 
Middle Ages," Isis 80 (1989): 423-45, esp. pp. 437-39. 

21. Libellus, trans. by Heines, p. 19; St. Albert, Book of Minerals, p. 179. It is possibly 
from his teacher St. Albert that Thomas Aquinas took the notion that alchemical gold 
has different properties from natural gold. 

22. William R. Newman explores the connection between technology and al- 
chemy, art and nature more fully in his fascinating and provocative Prometbean 
Ambitions: Alchemy and the Quest to Perfect Nature (Chicago: University of Chicago 
Press, 2004). 

23. Aristotle himself could be invoked to support this position, for he wrote that 
"art completes whatever nature is unable to complete": Physics 2.8; 199a 15-16. 

24. Reported by Nicholas Eymerich in 1396. See Halleux, Les textes alcbimiques, 

p. 126. 
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25. The full text of Spondent quas non exbibent (They Promise What They Do Not 
Deliver) is printed in ibid., pp. 124-26, in original Latin and a French translation. 

26. Ibid., p. 124. 

27. For Henry IV in 1404 (5 Hen. 4), see A. Luders et al., eds., The Statutes of the 
Realm (London, 1816), 2:144; for Venetian Council of Ten in 1488, see Pantheus, 
Voarchadumia, in Theatrum chemicum (Strasbourg, 1659-63), 2:495-549, on pp. 498-99. 

28. Ibn-Khaldün, The Mugaddimab: An Introduction to History (New York: 
Pantheon, 1958), 3:277. 

29. A few later examples are Johannes Chrysippus Fanianus, De jure artis alchi- 
miae, in Theatrum chemicum, 1:48-65; Girolamo de Zanetis, Conclusio, in ibid., 4:247-52; 
and Johann Franz Buddeus, Quaestionem politicam an alchimistae sint in republica tol- 
erandi? (Magdeburg, 1702), in German translation as Untersuchung von der Alchemie, in 
Deutsches Theatrum Chemicum, ed. Friedrich Roth-Scholtz (Nuremberg, 1728), 1:1-146. 
For discussion of the topic, see Ku-ming (Kevin) Chang, “Toleration of Alchemists 
as a Political Question: Transmutation, Disputation, and Early Modern Scholarship 
on Alchemy,” Ambix 54 (2007): 245-73, and Jean-Pierre Baud, Le procès d'alcbimie 
(Strasbourg: CERDIC, 1983). 

30. D. Geoghegan, “A Licence of Henry VI to Practise Alchemy,” Ambix 6 (1957): 
10-17. 

31. Eilhard Wiedemann, “Zur Alchemie bei der Arabern," Journal für Praktische 
Chemie 184 (1907): 115-23 provides a German translation of al-Farabi’s work. 

32. For example, we have a text dating from 1257 that appears to represent univer- 
sity lectures that include alchemical knowledge; Constantine of Pisa, The Book of the 
Secrets of Alchemy, ed. and trans. Barbara Obrist (Leiden: Brill, 1990). Paul of Taranto 
was himself a lecturer in a Franciscan school. 

33. For the latest publication on John of Rupescissa in English, see Leah DeVun, 
Prophecy, Alchemy, and the End of Time: Fohn of Rupescissa in the Late Middle Ages (New 
York: Columbia University Press, 2009). Older but more exhaustive sources are Jeanne 
Bignami-Odier, “Jean de Roquetaillade,” in Histoire litteraire de la France (Paris: 
Academie des Inscriptions et Belles-Lettres, 1981), 41:75-240, and Robert Halleux, 
“Ouvrages alchimiques de Jean de Rupescissa,” in ibid., 41:241-77. 

34. See David Burr, The Spiritual Franciscans: From Protest to Persecution in the 
Century after St. Francis (University Park: Penn State University Press, 2001). 

35. John’s text appears under two different titles: John of Rupescissa, Liber lucis, 
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Antioch, 222n53 

apocalypticism, 63-64 

Apollo, 146, 151, 153 

Apollonios of Tyana, 31 


274 INDEX 


apparatus, 15-16, 21, 23, 35, 46, 56, 123, 183, 
186, 220n30 

aqua regia, 149 

aqua vitae, 70 

argentum vivum, 69, 226n47 

argyropoeia, definition of, 13 

Aristotle, 24-25, 30, 35, 37-38, 55, 81, 198, 
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dreams, 18-19, 118, 198 

Du Chesne, Joseph, 129, 133 

Duclo, Gaston, 161 
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See also Emerald Tablet 

Hermetica, 30-31 

hermetically sealed, 123 

Hermetic Art, origin of term, 31 

Hermetic Order of the Golden Dawn, 99, 
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Mecca, 29 

Medici, Francesco and Cosimo de’, 190 
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alchemy, 69-71, 127-31; transmutation 
as healing, 26 
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Mercurialist school, 161 
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mercuric sulfide, 36, 122, 215n14 
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copper, 114 
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ciples, 122; theory of metals, 35-37, 44, 
46, 48, 56-57, 58, 78, 93, 109-10, 207 
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metallurgy, 10, 179 
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ing, 10-11, 16-17, 26, 114; composition 
of, 16, 21, 24, 35-37, 75, 109; differences 
between natural and alchemical, 
59-60; as medicines, 70-71; noble and 
base, 36, 109. See also Mercury-Sulfur 
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metaphor, 77-79 
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milk, 126 

minima naturalia, 57 

mining, 159, 179, 189 
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Morhof, Daniel Georg, 235n11 
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Moses, 31, 181 
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multiplication (of gold), 113 
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125 

music, 174, 196, 203 
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natural vs. artificial, 48, 58-61, 196 

natural philosophy, definition of, 206, 209 
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Neoplatonism, 24, 30, 45, 198 

Newton, Sir Isaac, 31, 90, 116, 160, 162, 174, 
205, 245n20 
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Norton, Thomas, 182-83, 192 

number symbolism, 41-43 
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particularia, 12-13 
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how it works, 125-27; how to make, 
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37-39, 41, 78, 126, 198 

quantification, 41, 43 

queen, 153, 166 
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rebis, 122 

recipes and recipe literature, 10-13, 53-54, 
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sal ammoniac, 147 

sal circulatum, 134. 
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Scientific Revolution, 4, 82, 107, 130, 170 
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121, 131; causes of, 23, 161, 168, 192. See 
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seeds, 78, 126-27, 134, 163, 207 
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Sprat, Thomas, 181 
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Starkey, George, 114, 158-66, 174, 195, 210 
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